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THE cardiac manifestations of hyperthyroidism, palpitation, 
tachycardia and hyperactivity—the “overdemonstrativeness” of 
Cabot'—are among the earliest and most constant phenomena of 
the disease, while occasionally arrhythmias of various types and even 
myocardial insufficiency and congestive heart failure are encoun- 
tered. Among the many theories that have been advanced to 
explain these phenomena almost all have assumed the heart to be 
specifically affected, and as a result the various terms “ goiter 
heart,” “thyrotoxic heart,” “thyroid heart,” “thyrotoxic myo- 
carditis,” ete., have acquired established usage. 

Many of the early writers did not distinguish the cardiac phe- 
nomena of hyperthyroidism from those encountered with large col- 
loid goiters. Rose? advanced the belief that pressure of the enlarged 
thyroid gland upon the trachea, and upon the great vessels and 
nerves in the neck, brought about cardiac embarrassment. Thus 
arose the term “mechanical goiter heart.” The majority of the 
reports upon this condition have been based upon studies in Bavaria, 
or the Tyrol, where large colloid goiters are relatively common. 
Marine* has also shown that hypertrophy of the heart and dilata- 
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tion of the great vessels frequently occur in animals with colloid 
goiters. Other observers! have drawn attention to the increased 
vascularity of the thyroid gland in some types of goiter and have 
attributed the cardiac manifestations to overwork occasioned by an 
arteriovenous shunt. ; 

That mechanical factors may be partially responsible for the 
cardiovascular phenomena in some instances of simple goiter must 
be admitted. That, however, they serve to explain the cardiac 
manifestations of hyperthyroidism is extremely difficult to accept 
in view of the following facts: (1) Cardiac enlargement, arrhyth- 
mia, or even myocardial insufficiency not infrequently occur in 
hyperthyroidism associated with a thyroid gland normal in size or 
only slightly enlarged, and (2) following subtotal thyroidectomy no 
immediate circulatory alterations occur such as are to be observed 
following closure of an arteriovenous aneurysm. 

Krause,® in a series of papers published between 1889 and 1899, 
drew particular attention to the “thyrotoxic heart.” It has been 
assumed from isolated reports of degeneration of inflammatory 
myocardial lesions, discovered in the hearts of patients who died 
with hyperthyroidism, that the heart alone has been singled out for 
attack by some circulating poison. However, a study of the 
autopsy material at the Johns Hopkins Hospital by McEachern 
and Rake’ revealed that of 27 patients dying with hyperthyroidism 
the myocardium was normal in 14 instances and showed but slight 
alterations in 8 instances. Among the 5 instances in which profound 
changes were found in the myocardium there was coéxisting cardiac 
disease (syphilis, rheumatic endocarditis, etc.) in 3. These authors 
concluded that there was little evidence to be derived from studies 
of the morbid anatomy of the heart to support the view that the 
myocardium was attacked by a specific toxic substance in hyper- 
thyroidism. They were, furthermore, unable to correlate the clini- 
cal symptoms in these cases with such structural changes as were 
observed in these hearts. The literature upon this subject is 
reviewed in their paper. 

It is a very important fact, which should be emphasized, that the 
degree of intoxication will not alone explain the development of myo- 
cardial insufficiency in this disease. Indeed, in a fair proportion of 
the fatal cases the patients appear to perish in the flame of hyper- 
thyroidism (e. g., a postoperative crisis) without manifesting signs 
of heart failure. It has been pointed out elsewhere’ that in hyper- 
thyroid individuals below 40 years of age myocardial insufficiency 
is almost invariably associated with preéxistent cardiac disease 
(rheumatic or, more rarely, syphilitic). In the decades above 40 
the greater frequency of failure as a complication of hyperthyroidism 
is associated with three factors: 

1. The greater incidence of so-called adenomatous goiter, char- 
acterized by exacerbations and remission over a period of years. 
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2. The natural diminution of the cardiac reserve which takes 
place with the years beyond 40 plus the occasional coincidence of 
rheumatic or hypertensive cardiac disease with hyperthyroidism 
at this age. 

3. The coexistence in many patients of 50 years and over of 
arteriosclerotic heart disease. 

A further point against the assumption of a specific destructive 
toxin acting upon the heart is the rapidity with which the most 
serious evidences of cardiac embarrassment may disappear, literally 
overnight, following relief of the hyperthyroidism by operation or 
during a remission brought about by iodin. The slower but equally 
striking disappearance of congestive heart failure that usually fol- 
lows institution of these measures has been noted by Hamilton,° 
Lahey,’ Levine!® and many others. Thomas," indeed, is of the 
opinion that in most instances the heart returns to an entirely 
normal state following adequate thyroidectomy. 

Hyperthyroidism can be produced with ease in animals and in 
the human being by the administration of thyroid gland, its active 
fractions or thyroxin. As in the spontaneous hyperthyroidism of 
the human being, tachycardia and overactivity of the heart are 
early and striking features. ‘Taking advantage of this fact, a series 
of experimental studies has been carried out in this laboratory during 
the past 3 years. In 1929 Lewis” showed that the hearts and 
auricles of thyrotoxic rabbits continued to beat, when completely 
isolated, at a much faster rate than similar preparations from nor- 
mal animals. (Fig. 1.) This was a constant and striking phe- 
nomenon and appeared to indicate a persistence of the “state of 
hyperthyroidism” in the isolated tissue. In a large number of 
such experiments Andrus and McEachern™ found that the average 
rate of the preparations from thyrotoxic animals was 56 per cent 
greater than that of the normal controls. In individual instances 
the former preparations not infrequently beat twice as fast as the 
controls. The accelerated rate showed no tendency to wear off 
during the period of observation which in several instances extended 
for 10 hours. This result was considered to indicate that some 
fundamental change in the metabolism of the cardiac tissue had been 
caused by the thyroxin. Yater,'* working independently has con- 
firmed this observation, and has shown that the effect may persist 
for 12 days after the withdrawal of thyroxin. This point is of 
particular importance since it suggests that the degree of tachy- 
cardia of the isolated heart is proportional to the degree of hyper- 
thyroidism in the intact animal. If the tachycardia were due to 
some specific toxic substance working damage to the myocardium 
the decrease in heart rate should not necessarily parallel the decreas- 
ing concentration of the toxic agent. This phenomenon appears, 
however, to be both quantitative and reversible for a particular 
animal and suggests that the effect is a metabolic one. Yater has 
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also shown that the idioventricular rate is enhanced in the isolated 
heart of a thyroxinized animal following section of the His bundle. 
Hitherto an attempt had been made to glean such evidence indirectly 
through the observation of a few cases of complete heart block to 
which thyroid had been administered. This subject is discussed 
in another place.” 

Mann and his associates at the Mayo Clinic have extended this 
observation and have shown that following thyroid administration 
the tachycardia can develop in a normal heart which has been 
removed and grafted upon another animal. This fact again sug- 
gests that the tachycardia is due to a direct action of thyroxin on 
the muscle cells and not merely to a stimulation of nerve endings in 
the heart. 
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Fig. 1.—Comparison of the maximum rates of isolated hearts (Langendorff appa- 
ratus) and isolated auricles (Dale bath) of normal and thyrotoxic rabbits. 


The conception that fundamental changes in the metabolism of 
the cardiac muscle may be at the root of the matter has received 
impetus from recent investigations of the lactic acid metabolism 
in patients with hyperthyroidism. A number of observers!?:!8.!° 
have shown that the lactic acid in the blood of hyperthyroid indi- 
viduals rises to a much higher level following muscular work and 
falls much more slowly when the work is discontinued than is the 
case in normal individuals. Furthermore, K6nig?’ has shown that 
hyperthyroid animals die in convulsions following intravenous 
injections of calcium lactate in doses that are borne by normal 
animals without symptoms. That rigor mortis occurs more rapidly 
in thyrotoxic than in normal animals has been noted by Hashimoto?! 
and by Rake and McKachern.” It has long been known that 
thyrotoxic animals are less able than normal animals to withstand 
reductions in the partial oxygen pressure of their environment. 


WS NE SI NM 


CARDIAC MANIFESTATIONS OF HYPERTHYROIDISM 740 


It seemed important to repeat, upon isolated cardiac tissue, some 
of the experiments that had previously been performed upon intact 
thyrotoxic animals. For this purpose the auricles from a normal 
and a thyrotoxic animal were removed simultaneously, set up in 
oxygenated Ringer-Locke’s solution (37° C.) and made to register 
one above the other on a revolving smoked drum. When intact 
hearts were used they were perfused by the Langendorff method. 
It was found” that no significant changes were produced in the rate 
and amplitude of contraction or the coronary outflow in these 
preparations by the addition of thyroxin, desiodothy roxin or iodids 
in varying concentrations. Epinephrin brought about a greater 
absolute acceleration in rate of beat in the auricles of the thyroxin- 
ized animal than in the normal, but the same percentage acceleration 
in both. It was further observed" that upon interruption of the 
oxygen supply (Fig. 2) or upon introduction of isotonic solutions 
of sodium lactate into the bath, the auricles from thyrotoxic animals 
were affected more quickly and more profoundly than the normal 


Fic. 2.—Simultaneous tracings recorded by auricles of normal (below) and thyrotoxic 
(above) rabbits. Effect of withdrawal of oxygen. 


auricles. In like manner the former preparations recovered much 
more slowly upon reéstablishment of the original conditions of the 
experiment. 

These findings further suggested that the auricles from thyrotoxic 
animals were more dependent than were the normal controls upon 
their contemporary oxygen supply, which in turn suggested that 
their rate of oxygen consumption might be increased beyond the 
normal. It also seemed possible that these preparations were either 
elaborating lactic acid at a faster rate or were less able to oxidize 
it or get rid of it by diffusion than the normal auricles. 

By direct volumetric measurements it has been shown* that the 
isolated beating auricles from thyrotoxic guinea-pigs consumed from 
7 to 20 per cent more oxygen per gram of tissue than auricles of 
similar weight from normal animals. (Fig. 3.) Lewis and Dock™ 
using the heart-lung preparation of the rat have recently confirmed 
these results. Whether the increased rate of contraction in the 
preparations from thyrotoxic animals is entirely responsible for the 
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increased oxygen consumption is still a matter of conjecture. The 
fact is that both an increase in rate of beat and in oxygen consump- 
tion occur in the isolated heart of the thyroxinized animal. 
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Fic. 3.—Comparison of the oxygen consumption of isolated beating auricles from 
normal and thyrotoxic guinea pigs, according to weight groups (Warburg apparatus). 
Direct chemical estimations have also been made*® of the lactic 
acid, glycogen and total base in cardiac muscle from normal and 
thyrotoxic rabbits. The results are shown in Table 1: 
TABLE 1.—Lactic Acip, GLYCOGEN AND ToTaL BasE In Muscie or NORMAL AND 


TuyrotToxic RaBBiTs MILLIGRAMS PER CENT. 
Cardiac Muscle Skeletal Muscle 


Normal Thyrotoxic Normal Thyrotoxic 


Glycogen » 166.0 396.0 272.0 
pe 31.6 50.5 84.4 113.4 
heme... . . « 333.6 125.9 149.6 150.8 


The lactic acid content of the cardiac muscle is seen to be almost 
doubled in the thyrotoxic group. The glucose and total base have 
undergone no significant change. A similar depletion of the glyco- 
gen of skeletal muscle in thyrotoxic animals has been noted by 
previous observers.” * 


* These authors (Dock, W., and Lewis, J. K., J. Physiol., 1932, 74, 406) state - 
that the increased oxygen consumption of the heart-lung preparations from thyroid- 
fed rats can be entirely accounted for by the increased rate of beat and the weight 
of such hearts. . 
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These experiments appear to show that the tachycardia of hyper- 
thyroidism and possibly other and more serious phenomena are 
related to the direct metabolic action of thyroxin or its products 
on the myocardium. ‘The application of the above facts to hyper- 
thyroidism in the human must be apparent. 

In short, it appears that the cardiac tissue shares in the metabolic 
upheaval characteristic of this disease. In addition there falls upon 
the myocardium the burden of the increased circulatory demands 
of the entire organism, the metabolism of which is elevated. These 
two factors combine to bring to the fore the cardiac manifestations 
of hyperthyroidism; in individuals whose circulatory reserve has 
been diminished by age or by organic cardiac disease they may 
result in myocardial failure. 

That prolonged hyperthyroidism results in some degree of cardiac 
hypertrophy seems to be well established. Thus among the 27 
cases reviewed by McEachern and Rake there was moderate cardiac 
hypertrophy in 16. However, hypertrophy does not indicate myo- 
cardial damage; much less is it due to the action of a specific myo- 
cardial poison. In this instance it is to be attributed to the burden 
of an increased circulatory minute volume.2’? There is, indeed, 
little evidence that the heart is permanently damaged. How much 
functional impairment may be produced by a protracted siege of 
this disease is a question yet unsettled. 

Conclusion. It is, perhaps, the most accurate, and certainly the 
most optimistic attitude, to look upon the heart in hyperthyroidism 
as suffering from its own accelerated metabolism and from the load 
thrown upon it by the metabolism of the body as a whole. From 
both of these burdens it can, happily, be relieved by relief of the 
hyperthyroidism. 
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THE MANAGEMENT OF THE DECOMPENSATED CARDIAC 
INVALID. 


I. ONE HUNDRED CASE RECORDS ANALYZED FROM THE 
STANDPOINT OF THE INDIVIDUAL PATIENT. 


By Harotp Thomas Hyman, M.D., 


ATTENDING PHYSICIAN, MONTEFIORE HOSPITAL; ASSOCIATE ATTENDING PHYSICIAN, 
MT. SINAI HOSPITAL; ASSISTANT PROFESSOR OF PHARMACOLOGY, COLLEGE OF 
PHYSICIANS AND SURGEONS COLUMBIA UNIVERSITY, 


AND 
NaTHAN M. M.D., 
RESIDENT ON MEDICAL SERVICE, MONTEFIORE HOSPITAL, NEW YORK. 


(From the Medical Division of the Montefiore Hospital for Chronic Diseases, Service 
of Dr. B. 8S. Oppenheimer.) 


THE medical service of the Montefiore Hospital presents an 
excellent opportunity for the study of the management of the 
decompensated cardiac invalid. One hundred of these patients 
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are usually resident in the hospital. Of these, between 15 and 20 
are children who have been studied by Schwartz! and his coworkers, 
and will not be included in the present analysis. 

We have reviewed an unselected group of 100 consecutive his- 
tories. No protocol was arranged for this work. No special inves- 
tigations were planned. The patient was treated as an individual 
according to the therapeutic problem which presented itself. Our 
purpose has been an analysis, a posteriori, of the various therapeutic 
measures employed. 

Type of Material. [*or the most part, our patients have passed 
through the acute phases of their disease. In most instances the 
victims of rheumatic fever no longer presented any evidence of 
activity of their infection. In the arteriosclerotic group, the acute 
episodes, such as thrombosis and embolism, were part of the past 
history. The problem was sharply limited to the management 
of the advanced and decompensated cardiac invalid, who had 
already passed through the active stages of his illness, and who had 
failed to respond to home or ambulatory treatment. 

Classification of Material. (a) Forty-three of these patients had 
carditis as the result of a previous infection with rheumatic fever. 
(b) The second large group of 54 presented various manifestations 
of degenerative arteriosclerotic phenomena. ‘This latter group was 
again subdivided. There were 2 with generalized arteriosclerosis; 
25 with uncomplicated hypertension of the greater circulation; 4 
with hypertension of the lesser circulation; and 23 with hypertension, 
who also presented electrocardiographic changes suggesting arbori- 
zation block or lesions of the coronary vessels. 

(c) Of the 3 remaining patients, not classified, 1 had a ball-valve 
tumor of the auricle, the second an advanced nephritis, and the 
third a congenital cardiac lesion. 

Vital Statistics. In the rheumatic group, the females predomi- 
nated by 2 to 1, whereas the proportion was exactly reversed in the 
arteriosclerotic group. The patients with rheumatic fever were 
younger, though 14 per cent had survived beyond the fiftieth year. 
The average age of the rheumatic women was 38, and of the men 35. 

In the arteriosclerotic group the men averaged 54 and the women 
62 years of age. The breakdown of the men occurred at a period 
almost a decade earlier than the women and resulted probably 
from the greater wear and tear in the struggle for existence. This 
was further emphasized in the subclassification of the arteriosclerotic 
group, where the preponderance of males increased with the severity 
of the complication. 

Valvular Defect. The mitral valve was involved in each of the 
rheumatic group, and in addition 68 per cent had aortic valvular 
disease, and 16 per cent a combination of mitral, aortic and tri- 
cuspid endocarditis. 

In the arteriosclerotic group, only 10 per cent had evidence of 
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mitral defect. One man, with combined mitral and aortic valvular 
disease, probably had a rheumatic infection in his youth upon which 
was grafted the arteriosclerosis. 

Cardiac Irregularities. One-third of all the patients were admitted 
with sinus rhythm, and 2 of these developed auricular fibrillation _ 
while under observation—one definitely as the result of digitaliza- 
tion. One man had auricular flutter. The remaining patients 
had permanent auricular fibrillation. This group included three- 
quarters of those with rheumatic fever, and half of the arterio- 
sclerotic group. 

Etiologic Factors in the Arteriosclerotic Group. Beyond the devas- 
tating wear and tear of modern life, extraneous etiologic factors 
were identified in only a small proportion of the arteriosclerotic 
group. Two patients had obviously suffered from Graves’ disease 
earlier in their lives. All of the men had been, and many still 
are, heavy smokers. One patient in the group had suffered from 
rheumatic fever. A significant degree of nephritis was present in 
only 2 patients. Only 1 man had serologic evidences of syphilis. 
TaBLE 1.—THeE Erricacy or VAaRIouS THERAPEUTIC PROCEDURES IN THE MAN- 

AGEMENT OF THE CHRONIC CARDIAC INVALID. 


Sinus rhythm. Auricular fibrillation. 


Rheu- Degenera- Rheu- Degenera- 
matic. tive. matic. tive. 


Total patients 


Rest— Digitalis ee 
Rest—Digitalis—Urea (U) . 
Rest— Digitalis— Mech. (M) 


Rest— Digitalis—Salyrgan (S) . 
Rest—Digitalis—U and S 
Rest—Digitalis—M andS . 
Rest— Digitalis—M—U—SsS 
Rest— Digitalis—Amm.—S ; 
Rest— Digitalis—Amm.—M—S 


Total helped by digitalis . 
Percentage helped by digit: 


Rest—Mech. . 
Rest— Urea 


Rest—Salyrgan 
Rest—Salyrgan— Mec h. 
Rest—Salyrgan— Urea 
Rest—Salyrgan—U and M 


Total not helped by digitalis 
Percentage not helped by digit ilis 100% 


Total benefited by salyrgan . 


ee 11 25 32 29 
1 9 8 
1 2 
= 1 
3 2 
9 | | 
ee ee | | 
- 0 4 30 22 
: 0 16% 94% 75% 
9 9 » ») 
2 
6 6 3 | 
2 6 1 
1 1 | 
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The Specific Management of the Decompensated Cardiac Invalid. 
The specific management of the decompensated cardiac invalid is 
best discussed by subdividing the two main groups of rheumatic 
and arteriosclerotic patients into those with sinus rhythm and those 
with auricular fibrillation. 

A, The Rheumatic Group With Sinus Rhythm. In this group there 
were 11 patients. 

In 2 instances institutionalization and dietotherapy restored 
compensation. On admission 1 of these patients had evidences of 
digitalis poisoning, and the recovery was synchronous with the 
excretion of the digitalis. 

In the remaining 9 patients, the important factor in the restora- 
tion of compensation was the administration of salyrgan. In 6 
instances this preparation was the only specific procedure employed. 
In 3 patients, the salyrgan was supplemented by the daily adminis- 
tration of urea. One of the latter group had repeated thoracenteses 
as well. 

Digitalis was administered in full therapeutic doses in 9 of these 
patients. In 7 there was no appreciable effect. In 2 the drug was 
definitely toxic, converting a sinus rhythm to fibrillation in 1 and 
producing partial heart block with coupling in another. One patient, 
who was admitted with sinus rhythm and cardiac insufficiency, 
received digitalis without either slowing of his heart rate or pro- 
moting diuresis. Seventeen days after the cessation of the digitalis 
and during a mild exacerbation of rheumatic fever, he developed 
auricular fibrillation. Digitalis was again administered, whereupon 
the rate fell from 120 to 82, and a splendid diuresis resulted. 

B. The Arteriosclerotic Cardiac Invalid With Sinus Rhythm. 
Twenty-five patients with sinus rhythm had cardiac insufficiency 
as the result of an arteriosclerosis. Of these, 2 were elderly women 
with arteriosclerosis, but no hypertension; 13 had simple hyper- 
tension with a normal electrocardiogram; and 10 had hypertension 
with abnormal graphs. In this latter group, 3 had abnormal Q 
waves; 3 had a picture of bundle branch-block; and 4 had changes 
in the S—T interval that suggested coronary disease. 

In 2 instances removal to the institution and fluid restriction 
were sufficient to restore the cardiac reserve, and in a third patient 
a thoracentesis was the only other procedure necessary. 

Four patients seemed definitely improved as the result of digitali- 
zation, despite the sinus rhythm. One was a man, aged 46 years, 
who was admitted with pulmonary edema. He received 30 cc. of 
the tincture of digitalis in 3 days, and his pulse rate fell from 130 to 
96. Three other patients, all with hypertension, responded to 
digitalization by slowing of the pulse rate, decrease of the dyspnea, 
but no diuresis. 

Eighteen patients in this group received digitalis with no benefit. 
In 1 instance, toxic symptoms developed. 
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Two patients had a sufficient diuresis from urea so that no other 
medication was necessary, and no reaccumulation of fluid occurred. 

Eighteen patients had a successful diuresis with extraordinary 
clinical improvement as the result of the administration of salyrgan. 
The salyrgan was supplemented three times by the mechanical 
removal of the fluid, six times by the simultaneous oral administra- 
tion of urea, once by both urea and the mechanical removal of fluid, 
and twice by digitalis. 

(’. The Decompensated Rheumatic Cardiac Invalid With Auricular 
Fibrillation. Thirty-two patients, with valvular defects as the 
result of rheumatic fever, presented an auricular fibrillation. In 
2 instances physiologic rest was sufficient to restore compensation. 

In the remaining 30 cases, the effect of digitalization was abso- 
lutely specific. In 9 patients, no other form of therapy was em- 
ployed, and in another the digitalis was supplemented only by a 
thoracentesis. 

In 20 instances the diuretic effect of salyrgan was a potent factor 
in the restoration of the circulation. In 8 of the last 20 patients, 
the digitalis and the salyrgan were supplemented by mechanical 
measures in 3 instances, and by the continual administration of 
either urea or the ammonium salts in the other 5. 

DD). The Arteriosclerotic Decompensated Cardiac Invalid With 
Auricular Fibrillation. ‘Twenty-nine arteriosclerotic patients had 
cardiac insufficiency with permanent auricular fibrillation. Twelve 
had hypertension of the greater, and 4 of the lesser circulation. 
Thirteen had electrocardiographic evidence of myocardial damage, 
either bundle-branch block, or changes in the S—T interval, suggest- 
ing coronary damage. 

Two patients responded to physiologic rest without any specific 
therapeutic measure. 

Twenty-two of this group were restored to compensation as the 
result of digitalization. Eight patients needed digitalis alone, and 
2 others required only urea in addition. 

The next group of 12 patients required salyrgan, as well as 
digitalis, and half of these responded to the administration of these 
two drugs alone. In addition to the salyrgan and digitalis, the 
remaining 6 patients required either mechanical removal of the fluid, 
or the enhancement of the salyrgan effect by the oral administra- 
tion of urea or ammonium salts. 

Five patients were unaffected by digitalization, but did respond 
favorably to salyrgan. These patients all presented advanced car- 
diac disease, with electrocardiographic evidences of coronary lesion. 

Summary. 1. The records of 100 decompensated cardiac invalids 
have been summarized, and the therapeutic regimen noted. 

2. Eight patients were restored to compensation by physiologic 
rest and dietotherapy. 

3. Mechanical removal of fluid from the serous cavities was prac- 
ticed in 14 of the group. 
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4. Fifty-six patients were specifically benefited by digitalis and 
all but 4 in this group had auricular fibrillation. 

5. Sixty-four patients, edematous despite physiologic rest, dieto- 
therapy and digitalization, were relieved by the administration of 
salyrgan with or without the simultaneous administration of urea 
and the acid salts. Five patients responded by diuresis to urea 
alone. 

6. The four cardinal steps in the management of the decompen- 
sated cardiac invalid are: (1) Physiologic rest and dietotherapy; 
(2) mechanical evacuation of fluid from the serous cavities; (3) 
digitalization and (4) the use of the diuretics. 
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In the previous paper! we have discussed the management of 
100 cardiac invalids from the standpoint of the individual patient. 
Four important principles stood out in this analysis: (1) Physio- 
logic rest, including dietotherapy; (2) the mechanical evacuation 
of fluid from the serous cavities; (3) digitalization; (4) the use of 
the diuretics. 

In this paper we shall discuss each of these cardinal principles 
with special emphasis upon the clinical pharmacology of the specific 
drugs. 

Physiologic Rest. Institutionalization and dietotherapy are the 
prime factors in securing physiologic rest. The admittance of the 
sardiac invalid to the institution is a nonspecific form of therapy 
whose importance cannot be overestimated. The patient is no 
longer a drain upon the family budget. As a general rule he is 
removed from the unhealthy and squalid surroundings of a metro- 
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politan tenement and transplanted to the relative quiet, cleanliness 
and comfort of a hospital bed. In the place of haphazard and 
infrequent medical visits, he is seen several times daily by trained 
observers. The well-meaning but amateur brand of home nursing 
is replaced by skillful professional care. 

Sedatives and hypnotics are liberally employed during this — 
period. They have no deleterious effect on the circulation, even 
when given in large doses, and they do much to relieve the circula- 
tory load by inducing rest and sleep. As a result, an extraordinary 
change for the better is a common experience and we attempt to 
introduce no specific form of therapy until the effects of institution- 
alization can be evaluated. 

Dietary regulation is as important as it is simple. The weight 
of the patient is the only observation required. In adult patients, 
gain in weight almost invariably means the retention of water, and 
loss of weight is accompanied by, or the result of, diuresis. Restric- 
tions are placed upon water, salt, and total calorie intake. For the 
first 2 days the time-honored Karell diet of 1 quart of milk and soda 
crackers is of prime importance. It is also useful once a week as a 
prophylactic after compensation has been restored. In the mildly 
decompensated case, full diet with limitation of fluids to 1500 ce. 
may usually be employed as a routine. The more severely decom- 
pensated patients may have to suffer a reduction in their fluid intake 
to 1200 ce., or even 1 liter. If they still retain water on this diet, 
the salt-poor regimen must be prescribed. 

Obese patients, particularly those with hypertension, are placed 
on mixed diet with calories limited to 1500. 

In our series 8 patients were restored to compensation by physio- 
logic rest and dietotherapy. 

Mechanical Measures. Fourteen patients had paracentesis abdom- 
inalis or thoracentesis. The hope that fluid will absorb as the result 
of rest or specific therapy is usually not fulfilled, and its immediate 
evacuation is a much wiser therapeutic policy. The patient should 
receive a liberal dose of morphin by hypodermic at least 10 minutes 
before the expected tap. The fluid is withdrawn slowly. It is 
unwise to take off more than 500 or 700 ce. from the chest. The 
abdomen, however, may safely be tapped dry. Tight pressure 
should be exerted during and following paracentesis. Adequate 
digitalization, or frequent doses of salyrgan, may occasionally pre- 
vent the reaccumulation of this fluid. If the fluid reaccumulates 
it must be mechanically removed again. 

Digitalization. Seventy-nine patients received digitalis (Table 1.) 
Twenty-two of these had sinus rhythm; 9 in the rheumatic and 
13 in the arteriosclerotic group. 

In the rheumatic group, 7 had no appreciable effect, while 2 were 
damaged. In none of this group was digitalis of the slightest 
efficacy. 
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TABLE 1.—Erricacy or Speciric THERAPEUTIC DruGs IN TREATMENT 
DECOMPENSATED CARDIAC INVALID. 


Sinus rhythm. Auricular fibrillation 


Rheu-  Arterio- Rheu- Arterio- Total 
matic. sclerotic. matic. _ sclerotic, helped 
Digitalis: 
Useful 
Not used 
Urea: 
Diuretic. . . 
Prevents reaccumulation 
edema 
No effect 
Not used 
Salyrgan: 


In the arteriosclerotic group with sinus rhythm, 8 were unaffected 
by digitalis, 1 patient was poisoned, and 4 had a successful thera- 
peutic result. One of this last quartet was admitted in pulmonary 
edema, and experienced both a pulse slowing and a diuresis. The 
other 3 had a moderate diminution in the pulse rate, but required 


diuretics in addition. We were thoroughly convinced that the 
improvement in these 4 patients was due to the digitalis, at least 
in part. 

In both the rheumatic and arteriosclerotic groups with auricular 
fibrillation the result differed strikingly from those with sinus 
rhythm. (Table 1.) In 52 of the 61 fibrillators, digitalis proved 
extremely efficacious. The result was independent of the etiology 
of the cardiac decompensation, the valvulitis, the sex or age of the 
patient, the degree of decompensation, or the presence or absence 
of hypertension. The 9 fibrillators who did not experience a favor- 
able response were all the victims of a process so advanced as to 
preclude any possibility of therapeutic result. In these patients, as 
the result of repeated cardiac insufficiency, the myocardium gave 
evidence of either fibrosis or myelomalacia. 

An accurately assayed tincture of digitalis (1 ce. = 1 cat unit) 
was used almost exclusively. In a few instances where vomiting 
had occurred as a result of salicylism or chronic passive congestion 
of the stomach we gave the leaf of digitalis in rectal suppositories. 
Though we were dealing with severe and advanced cases, we found 
no indication for the intramuscular or intravenous administration 
of the drug and we believe that form of therapy is greatly to be 
discouraged. 

Idiosyncrasy to digitalis was not encountered in this series, nor 
have we experienced it during a long experience with the drug. 
One woman, who insisted that digitalis caused immediate vomiting, 
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also vomited when she was given a neutral green tincture under the 
guise of tincture of digitalis. 

Concerning dosage, we are convinced that no rule of thumb can 
replace careful and frequent clinical observations. It is impossible 
to gauge the amount of the drug required by a priori reasoning. It 
| is not necessary to saturate the patient with digitalis in order to 
obtain a therapeutic result. Indeed, in many patients there is a 
wide gap between the therapeutic dose and saturation. (Table 2.) 


TABLE DosaGe. 


Pulse rate. Satura- 
—_——— — Total tion, Corrected, Error, 
; Patient. Before. After. dose. Span amount. amount. per cent. 
72 48 11 25 35 +40 
| 8S 86 16 4 21 13 —40 
_ 68 29 6 20 23 +14 
R. 8. a ee 104 62 31 6 19 25 +33 
B. 8. » 65 13 6 16 7 —50 
. . SS 14 7 15 6.5 —50 
« 29 5 20 25 +25 
A.B. ee S84 13 4 17 10 —40 
« « S84 10 1 17 10 —40 
68 36 13 20 16 —20 
OM, Se 98 8O 24 9 21 11.5 —45 
A.S. 86 16 3 15 15 


All patients were in rheumatic group with auricular fibrillation. Total dose is in 
cubic centimeters of standardized tincture. Span in days. Saturation amount cal- 
culated by multiplying weight minus edema by 0.15.4. Corrected amount calculated 
by subtracting from actual amount administered the sum of the excretion (figured 
at 1.5 ec. per day)® times the span minus 2 (no excretion for first 2 days). Error 


obtained from last 2 figures. 


Wherever possible, no digitalis is prescribed until the patient 
has been observed at least 48 hours. This preliminary observation 
serves two purposes: (1) The evaluation of the efficacy of the 
nonspecific measures, such as rest, water and fluid restrictions, and 
sedatives; (2) the excretion of any digitalis given before admission. 

It is our custom to order 4 to 8 cc. of the tincture the first day 
that the digitalis is administered. Standing orders for the admin- 
istration of digitalis should not be given. The patient must be 
seen at least once and preferably twice a day during the active 
period of digitalization. In those patients with auricular fibrillation, 
from 2 to 4 cc. are ordered daily until the pulse rate approximates 
75 to 80, or unless the patient experiences toxic symptoms, such 
as gastrointestinal distress or a new cardiac irregularity. Under 
such circumstances, the drug is stopped for 24 hours and then 1 to 
2 cc. daily is prescribed as a maintenance dose. This is continued 
indefinitely, and increased if the pulse rate increases, or stopped for 
24 hours if the rate becomes too slow or toxic symptoms develop. 
In the presence of sinus rhythm the drug is discontinued at the 
end of a week if no therapeutic effect is seen, but if the patient is 
benefited the dosage is maintained exactly as in auricular fibrilla- 
tion. Despite the rarity with which a favorable outcome is experi- 
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enced in patients with sinus rhythm, we give every decompensated 
patient the benefit of digitalization and, even in the face of failure, 
repeat the course of digitalis every few months as a therapeutic test. 

In the more favorable cases under digitalis, the pulse rate slows 
and there is a diuresis accompanied by loss of weight, dyspnea 
lessens, and paroxysmal nocturnal attacks of pulmonary edema may 
be prevented. Where pulse slowing is not accompanied by diuresis 
the digitalis may have to be supplemented by the mechanical 
removal of fluid from the serous cavities, or the exhibition of the 
diuretics. 

The digitalis-like bodies have been tried in those decompensated 
cardiac invalids who fail to improve with digitalis. At the present 
time the only representative of this group that is commonly encoun- 
tered in clinical practice is squill. Convallaria, apocynum and 
spartein seem to have been justifiably dropped out of the therapeutic 
armamentarium. 

In a group of 12 patients we administered squill as scillaren. In 
none of these was any unusual circulatory benefit derived from the 
scillaren. In four instances, however, there may have been a 
slightly greater diuresis than with digitalis. This was offset, how- 
ever, by the fact that while digitalis produced nausea in only one 
of this group, scillaren caused nausea five times, and diarrhea once. 

Our experience indicates that the pharmacology of the digitalis 
group may be simplified to a great extent by eliminating all of the 
preparations other than the tincture and the leaf of digitalis, and 
by administering these only by the oral or rectal route. The dosage 
cannot be estimated by any a priori calculation. This opinion bears 
out the original writing of Withering who said, “Let the medicine 
be continued until it acts either on the kidneys, the stomach, the 
pulse or the bowels—let it be stopped at the first appearance of 
any of these effects.”’ 

Diuretics. Specific drug treatment for the compensated cardiac 
invalid is wholly summarized by digitalis and the diuretics. In 
our experience the problem of diuretics may be simplified by elim- 
inating all but the saline preparations (urea and the acid salts) and 
the mercurials, such as salyrgan. 

Urea. Urea is made up by adding, to 1 pound of the salt, water 
to make a quart. Three tablespoonfuls of the solution 3 times a 
day will give about 70 gm. The evil taste may be disguised some- 
what by tomato or fruit juices. Forty-eight of our patients received 
urea. (Table 1.) In 19 it proved to be of no value and in 3 of only 
questionable efficacy. It was useful in about one-fourth of the 
whole group. In these last cases the urea was actively diuretic in 
14 instances. Its use was accompanied by a loss, and its discontin- 
uance was followed by a gain, of weight. Illustrating this, J. M. 
lost 18 pounds during the first five weeks that he received urea, 
and B.P. gained 27 pounds in 3 months following the cessation of 
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urea. In 11 instances the urea, while not actively diuretic, held 
the loss of weight resulting from the mercurial diuresis and thus 
diminished the number of salyrgan injections. 

In several instances urea has been administered over a period 
of years despite elevation of the blood-urea figures to as much as 
105 mg. per 100 cc. We have seen no untoward reaction other than 
an occasional urea rash, which disappeared when the drug was 
discontinued. 

Many of our patients felt so strongly that their well-being 
depended upon the administration of urea, that considerable agi- 
tation occurred in one of the wards when we wished to discontinue 
the drug for a few: days as an experiment. 

Acid Salts. The acid salts (ammonium chlorid or carbonate and 
calcium chlorid) are given in dosages of 10 gm. daily. They may 
be administered in capsules or in large chocolate-coated tablets. 
They are indicated when edema persists, despite digitalization, rest, 
and the limitation of fluids and salt in the diet. In conjunction with 
the mercurial diuretics they tend to promote diuresis and prevent 
the reaccumulation of fluid. 

Thirteen of our patients were benefited by their use. In only 
2 of these instances was the salt actively diuretic, in others it either 
increased the yield from the mercury or prevented the reaccumu- 
lation of fluid after the salyrgan. 

Mercurials. Second only to digitalis in the management of the 
cardiac invalid is the importance of the mercurial compounds. Our 
personal preference is for salyrgan, which can be administered intra- 
muscularly or intravenously in doses of 1 to 2 cc. Injection of this 
extremely irritant compound requires the most meticulous care, 
for a careless introduction may be followed by a cellulitis and slough 
lasting several months, while the intramuscular injection is usually 
painful, may result in a sterile abscess, and if injected in the vicinity 
of a nerve will cause degeneration. If it can be successfully prac- 
tised, the intravenous route is to be preferred. To insure safety, 
blood should be drawn up into the syringe before the injection; 
the drug should be administered slowly and discontinued if the 
patient complains of the slightest pain, or if any induration is 
visible or palpable. Blood should be withdrawn from the vein 
before the needle is taken out. Where repeated injections must 
necessarily be given, the veins will sooner or later sclerose. The 
intramuscular injections should be followed by the injection of 0.5 ce. 
of air, so that the mercury is not deposited along the track of the 
needle during its withdrawal. 

Sixty-four of our patients were dependent upon salyrgan (Table 1). 
The extraordinary value of this preparation can be seen when it is 
compared to digitalis, which was useful in only 56 patients. Our 
64 patients received a total of 847 injections, and averaged 14 each. 
One man had had 150 injections scattered over a period of 3 years. 
The average yield from salyrgan was the equivalent to 4 to 5 pounds 
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loss in body weight. In the presence of a great deal of edema, the 
first injection caused a loss of weight up to 10 pounds, and on a 
few occasions 12 to 13 pounds. In 43 instances the salyrgan needed 
no supplementation. Eight times, however, its use was enhanced 
by urea and thirteen times by one of the acid salts. In these 
instances the salts either increased the salyrgan yield or prevented 
the reaccumulation of fluid following the salyrgan diuresis, so that 
injections of the mercury could be separated wider apart. In ten 
instances, most of which were in the group of patients with sinus 
rhythm, the diuresis following salyrgan was alone sufficient to 
restore compensation. In 1 patient a hydrothorax receded. 

In addition to the measurable evidences of diuresis, such as 
increased urine output and loss of body weight, 23 patients experi- 
enced a marked relief from dyspnea and 2 from pain in the right 
upper quadrant as the result of a congested liver. There were 
several instances of marked reduction in the number and severity 
of the attacks of paroxysmal nocturnal dyspnea often erroneously 
called “cardiac asthma.” This condition is wholly unrelated to 
asthma and should never be treated with antispasmodics, partic- 
ularly adrenalin. Actually, these are attacks of paroxysmal pul- 
monary edema and respond, as edema elsewhere, to fluid and salt 
restriction, digitalis, and the diuretics, particularly salyrgan. 

The toxicity of salyrgan is almost wholly limited to its local 
reaction. We do not hesitate to employ the drug in the presence of 
marked albuminuria, even when this is marked or accompanied by 
casts or an occasional red cell. We have yet to see clinical evidences 
of a significant amount of kidney damage following the use of the 
mercurial diuretics. We do not hesitate to repeat the dose in 4 or 
5 days, but we prefer to wait a week if that is possible. 

Bismuth. lespite the wholly satisfactory use of salyrgan, we were 
impelled to study the efficacy of bismuth sodium tartrate? as a 
diuretic. Eleven patients previously treated with salyrgan were 
given bismuth. Whereas the average yield with salyrgan had been 
4.6 pounds, it was 0.8 pound with bismuth. (Table 3.) 

TABLE 3.—CoOMPARISON OF DruRETIC ACTIONS OF SALYRGAN AND BISMUTH 


Sopium TARTRATE. 
Effect of salyrgan 


Patient. Diagnosis. Effect of bismuth. 3 days later. 
Lost } lb. in Lost 6 Ibs. 
2 days 
&. 0 Lost 6 lbs. 
N. P. 4) Lost lbs. 
N.N " Lost 7 lbs. in Lost 33 lbs. 
7 days in 1 day 
R. D. Lost 2 lbs. Lost 2 lbs. 
A. G. 0 Lost 4 lbs. 
M. M. : es 0 Lost 8 lbs. 
L.S 0 Lost 2 lbs. 
H. H. CVR Gained 13 lbs. Lost 2 lbs. 
M. K 


Lost 2 lb. Lost 4 Ibs. 


Average loss of weight 0.8 lb. 4.6 lbs. 
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Purins. ‘The purin diuretics enjoy a great popularity. With one 
exception, not a single patient in this group had a significant diuresis 
from any member of this group, which included theobromin, diuretin, 
caffein and theocalcin. Because of the enthusiastic reports of the 
diuretic action of theocalcin,’ we gave 5 of our patients, usually 
controlled by urea or ammonium chlorid, 1.5 gm. daily, and 4 of 
them gained weight on the purin and lost weight when the saline 
diuretic was resumed. 

Cardiac Stimulants. The omission of any previous mention con- 
cerning the most popular of the cardiac drugs requires comment. 
In the records of the helpful therapeutic measures, caffein, strych- 
nin, camphor, and adrenalin are conspicuous by their absence. In 
the management of the chronic decompensated cardiac invalid, 
these drugs are definitely valueless. Invariably, however, discussion 
of their use arises during acute decompensation or when death is 
imminent. Under these latter circumstances, no accurate evaluation 
of therapeutic procedures is possible and one can only express a 
personal opinion. For ourselves we are convinced that camphor is 
inert and may cause embarrassment by the production of a marked 
local induration. Strychnin has no appreciable effect on the circu- 
lation and may cause toxic symptoms in the realm of the nervous 
system. Adrenalin is absolutely contraindicated. . If given in effect- 
ive doses, particularly in so-called ‘cardiac asthma,” the sudden 
rise in blood pressure has frequently been sufficient to overwhelm 
the circulation and result in sudden death. Fortunately in most 
instances it is given subcutaneously or intramuscularly and is not 
sufficiently absorbed, particularly with chronic passive congestion, 
to cause any response. Caffein may be employed if the patient is 
unconscious. Under any other circumstances the cerebral stimula- 
tion and the resulting anxiety far overshadow any circulatory 
effect. Given to the conscious patient it will cause distress both to 
the sufferer and his attendants. 

The administration of oxygen is frequently helpful in acute 
decompensation and can be carried on by a nasal catheter if more 
elaborate apparatus be not available. Liberal doses of morphin 
and other sedatives do much indirectly for the circulatory system 
by allaying anxiety and producing sleep. 

Summary. 1. Drug therapy is indicated in the cardiac invalid 
who remains decompensated despite physiologic rest, dietotherapy 
and the mechanical evacuation of fluid from the serous cavities. 

2. Digitalis is invaluable in those patients who present auricular 
fibrillation. Its clinical pharmacology is discussed. 

3. Diuretics are equal in importance to digitalis in the manage- 
ment of the decompensated cardiac invalid. Their use is indepen- 
dent of the cardiac rhythm. Their pharmacology is discussed and 
the preparations are narrowed down to three—urea, the acid salts 
and salyrgan. 
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4. This list completes the list of specific drugs useful in the man- 
agement of the decompensated cardiac invalid. 

5. The list of other popularly used remedies is discussed and their 
use criticized. Included in this category are the purin diuretics, 
bismuth subtartrate, the alleged circulatory stimulants (camphor, 
strychnin, caffein and adrenalin), and the antispasmodics. 
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EXPERIMENTAL CHRONIC HYPERPARATHYROIDISM.* 


II. OSTEITIS FIBROSA PRODUCED IN RATS. 


By Joseru L. Jounson, M.D., 


THE DEPARTMENT OF MEDICINE, UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


SANDSTROM*! discovered the parathyroid glands in 1880, but the 
importance of these structures was not realized until Gley," in 


1891, showed that the tetany which occasionally followed thyroid- 
ectomy was not due to removal of the thyroid but to the accom- 
panying parathyroidectomy. Hypoparathyroidism has been recog- 
nized as a clinical problem since that time. 

Hyperparathyroidism was probably suspected as early as 1904 
by Lundborg®* and later by Chvostek,’ but it was not until 1926 
that it attracted much attention. A series of events prepared the 
way for its recognition. Hypertrophy of the parathyroids was 
observed in association with certain diseases of bone, such as osteo- 
malacia, rickets, osteogenesis imperfecta and most frequently osteitis 
fibrosa. Hoffheinz!’ and Barr and Bulger‘ give reviews of the litera- 
ture between 1900 and 1929, and report a total of 76 instances of 
this association. There should now be added at least 12 others 
which include 3 cases reported by Barr and Bulger,‘ 4 by Hunter?®?! 
and 1 each by Compere," Gold,!® Eggers,“ Lanz?’ and Ask-Upmark.? 
Askanazy! attributed a pathogenic réle to this hypertrophy as early 
as 1904. Erdheim” regarded it as an inadequate attempt at com- 
pensation. Of primary importance was the preparation by Collip 
of an extract of the active principle of the parathyroids,*:?!"" and 
the observation of Mandl*’ that removal of a parathyroid tumor in a 
case of osteitis fibrosa was therapeutically beneficial. Mandl had 
previously transplanted human parathyroid glands into the abdom- 
inal wall of this patient with resulting aggravation of symptoms, 


* The expenses of this research were met from the John D. Hertz Fund. 
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and this had aroused the suspicion that parathyroid overfunction 

was at fault, rather than underfunction. The operative removal 

of tumors of the parathyroid has since been performed in a number 

of clinics with results in osteitis fibrosa like those of Mandl. 

TABLE 1.— D1aGnostic FEATURES OF HYPERPARATHYROIDISM AND OSTEITIS FIBROSA 
OSTEOPLASTICA. 


II. Less frequent findings: 
. Bone deformities. 


I. More frequent findings: 
1. Increased urinary excretion 


of calcium. 


. Negative calcium balance. 


3. Hypercalcemia. 


. Hypophosphatemia. 


2. Multiple cysts. 
3. Pathologic fractures. 

. Giant cell tumors of bone. 
5. Impaired kidney function. 


. Parathyroid hypertrophy or 
hyperplasia. 

}. Rarefaction of bones. 

7. Decreased muscular response 
to stimulation. 

3. Muscular weakness and hy- 
potonia. 

9. Muscle and bone pains. 

10. Anemia. 

The criteria of osteitis fibrosa osteoplastica (von Recklinghausen) 
are listed in the accompanying table. The purpose of my investi- 
gation was to determine whether the experimental reproduction of 
a chronic state of hyperparathyroidism by repeated injections of 
parathormone would reproduce this disease or result in the develop- 
ment of some other skeletal abnormality such as osteomalacia, rick- 
ets, osteogenesis imperfecta or multiple myeloma. Each of these, 
as has been stated, has been associated occasionally with para- 
thyroid hypertrophy.*:6 

Waltner* attempted to prove that hyperfunction of the para- 
thyroid glands was responsible for rickets. He experimented with 
young white rats, using three diets. In one of these the calcium 
and phosphorus contents were normal, in one phosphorus was 
deficient, a decidedly rachitic diet and in one calcium was deficient, 
a somewhat rachitic diet. Each rat received 20 units a day of 
Collip’s parathormone for from 8 to 18 days. With the normal 
diet an osteoporosis was evident, but no rickets. With the deficient 
diet both rickets and osteoporosis developed. In no case did the 
controls receiving the normal diet develop rickets, but some of the 
controls on the deficient diet did. Waltner concluded that while 
parathormone would wash calcium from the bones of young rats 
it did not produce rickets. 

Bauer, Aub and Albright’ gave parathormone to rabbits, cats 
and rats and studied its effects by gross examination and with 
roentgenograms. A study of the blood serum calcium was included. 
Their rabbits revealed a reduction in the number of trabecule but 
no gross changes of the cortex of bones. Histologic examinations 
were not made. In growing kittens no greater reduction of trabec- 
ule was observed than occurred in the course of normal bone 
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growth. ‘The skeletons of the rats appeared, by roentgenogram, to 
be much denser and shorter than those of their control siblings, 
and the number of trabecule was found to be increased on gross 
examination of the sectioned bones. A rise in serum calcium was 
not observed in cats or kittens, but a slight rise was secured with 
rats and rabbits. 

Jaffe, Bodansky and Blair®.* have recently reported a very 
complete study of the effect of repeated injections of parathormone 
in dogs and guinea pigs. The histologic examination of the skele- 
tons of their animals revealed lesions that are characteristic of 
osteitis fibrosa. In most cases the serum calcium was increased 
and the serum phosphorus decreased by the parathormone injec- 
tions, but skeletal lesions occurred without hypercalcemia or hypo- 
phosphatemia. 

Numerous other reports of parathormone injections in animals 
and man are contained in the literature, but as far as has been 
ascertained those referred to are the only ones in which attention 
has been directed to lesions of the bones. 

My preliminary experiments,“ which resulted in the production 
in rats and in puppies of bone lesions characteristic of osteitis 
fibrosa were completed before the work of Jaffe, Bodansky and 
Blair was brought to my attention. A chronic state of hyperpara- 
thyroidism was produced in rats and dogs by repeated injections of 


parathormone and the skeletal abnormalities were studied grossly, 
roentgenologically and microscopically. The effect of this procedure 
on serum calcium and phosphorus and metabolic balances of calcium, 
phosphorus and nitrogen were studied in separate experiments 
conducted on man, as previously communicated.” The data ob- 
tained with dogs will be reported later. The observations with rats 
is the subject of the present paper. 


Methods. White rats from 6 to 12 weeks old were used, young animals 
being chosen for the reason that growing bones would probably reveal 
more striking abnormalities. Steenbock’s normal rat diet was given. This 
consisted of yellow cornmeal, 76; linseed meal, 16; crude casein, 5; ground 
alfalfa, 2.5; sodium chlorid, 0.5 and calcium carbonate, 0.5 per cent. 
Distilled water was supplied for drinking. The food and water were kept in 
the cage at all times. This diet was started 1 or 2 weeks before treatment 
began. A number of animals received varying amounts of parathormone 
in the effort to arrive at a satisfactory dosage, the dose finally adopted 
being one of from 10 to 20 units injected subcutaneously. Animals were | 
started with 10 units, this was increased after about 5 days to 15 units, 
and after a week or 10 days to 20 units. Twenty days was about the average 
duration of an experiment, although some rats received parathormone for 
as long as 43 days. Control litter mates were maintained on the same diet 
and under the same conditions as injected animals. 

In certain cases when definite skeletal abnormality had become visible 
grossly and by roentgenograms, the medication was discontinued to observe 
the recovery. The diet in these cases was not altered. 

Roentgenograms of the entire skeleton of all animals were made at death 
or at killing. In several instances periodic roentgenograms were obtained 
during the course of the experiment. 
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The soft tissues were examined grossly and some of these were prepared 
for microscopic study. All of the long bones were dissected out, fixed in 
formalin and decalcified with 5 per cent nitric acid. Tissues for microscopic 
examination were embedded in paraffin and stained with hematoxylin and 
eosin. Mallory’s connective tissue and van Gieson’s stains were also used. 


Results. A total of 32 rats were given parathormone in the course 
of these experiments with very uniform results. The protocols of 
several representative animals are given in tabular form to illustrate 
the variations observed. (Table 2.) 

The most outstanding gross abnormalities were bowing of the 
forelimbs and muscular weakness. ‘The time of the first detectable 
evidence of bowing varied from 6 to 20 days, with 12 and 15 days 
as an average for the production of definite deformity. The extent 
of this is illustrated. (Fig. 1.) A loss of muscle tone was apparent 
on handling the animals. Muscular weakness was also revealed by 
their slow limping movements and their inability to climb up the 
sides of cages. 


Fre. 1.—Rat 21. Bowing of legs typical for rats receiving parathormone. Animal 
received 15 units of parathormone daily for 14 days and 15 drops of viosterol daily 
for 17 days. This photograph made on 19th day of experiment. 


Agglutination of the eyes was seen not infrequently. The aggluti- 
nating material resembled dried blood. Blood-tinged and _ soft 
feces were noted occasionally and in 1 animal, Rat 23 (Table 2), 
nasal hemorrhage occurred after the third day. 

Roentgenologic examinations revealed rarefaction in the bones 
of all rats that had received parathormone for a period longer than 
3days. This gave a mottled appearance in most cases and involved 
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first the ends of the long bones, later the shafts. (Figs. 2, 3,4). The 
responsibility for these changes was more definitely fixed upon 
parathormone, and the diet was ruled out as a factor, by keeping all 
conditions the same after the changes appeared and discontinuing 
the injections. Rat 23 is typical of what then happened. The 
bowing disappeared and the only gross evidence of deformity was a 
knobbing of the right wrist which could be detected only by careful 
examination. ‘The roentgenograms then showed no rarefaction or 
bone destruction (Fig. 5), but still some bowing of the left radius 
and ulna and of the right tibia and fibula, and an unevenness 
throughout their length of the right radius and ulna. ‘The restitu- 
tion appeared otherwise to be complete. I was able occasionally to 
detect a slipped epiphysis in the roentgenograms. In 1 animal 
there was also a slight scoliosis. 

The roentgenograms of these animals do not reveal any definite 
intensification of shadows of the kidneys, although there is a sug- 
gestion of kidney outline in some cases. This feature will receive 
further comment in a subsequent paper upon the effects of the simul- 
taneous administration of parathormone and irradiated ergosterol. 

Histologically the long bones of the extremities of the parathor- 
mone-treated animals show decalcification, bone resorption, replace- 
ment of bone and marrow by fibrous connective tissue and cyst 
formation. These are constant findings. Giant cells resembling 
osteoclasts are present in large numbers and in close association 
with fibrous connective tissue. Giant cells are inconstantly ob- 
served in circumscribed areas of fibrous connective tissue, in the 
marrow cavity as well as in close proximity to bone. In some 
instances they appear in large number in masses of fibrous con- 
nective tissue suggesting the picture of the so-called giant cell 
tumor. Osteoid tissue is quite abundant in many of these skeletons 
and with the fibrous connective tissue almost obliterates the medul- 
lary cavity. Pathologic fractures are also numerous. The types 
of change observed are illustrated. (Figs. 6 to 11.) The micro- 
scopic studies of the soft tissues have not been completed, but 
those of the kidneys reveal metastatic calcium in the tubules and 
to a less extent in the interstitial tissue; not in the glomeruli. 

Discussion. It was Collip’s opinion, in 1926, that the rat was 
immune to parathyroid extracts, and this opinion has prevailed 
until recently. That this is not the case is evident both from my 
experiments and the experiments of Waltner (from which he con- 
cluded that parathormone injections wash calcium out of the 
bones but do not produce rickets), the experiments of Bauer, Aub 
and Albright (showing some bone changes after parathormone ad- 
ministration) and those of Rose and Stucky*®® (in which successive 
injections of parathormone produced significant increases in blood 
calcium). 

Under the conditions of my experiments there invariably resulted 
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osteoporosis, bone resorption, replacement of bone and marrow by 
fibrous connective tissue and cyst formation. New bone (osteoid 
tissue) occurred with great frequency. All of this is characteristic 
histologically of osteitis fibrosa osteoplastica, as observed clinically. 
The roentgenograms and gross findings of the animal experiments 
are equally those of osteitis fibrosa. These results with the rat 
correspond to those with puppies to be reported later and to the 
lesions produced in guinea pigs and in dogs by Jaffe, Bodansky and 
Blair.” 

The bones of the rats treated with parathormone by Bauer, Aub 
and Albright were denser and shorter in roentgenograms, and when 
they were split and examined grossly appeared to contain ¢a 
increased number of trabecule. These observations are not in 
harmony with those I have made, but an explanation of the dis- 
crepancies is to be found, perhaps, in a difference in diet and a 
different dosage of parathormone. Bauer and his associates gave 
more calcium than my rats received, whereas their dose of parathor- 
mone was only about one-half as great as the dose I used. Under 
such circumstances new bone formation may keep pace with or 
exceed bone destruction and the newly formed osteoid tissue, which 
appears abundantly in many of my sections (Figs. 9 and 10), may 
become more or less calcified. An increase in bone density was 
observable in some of my experiments on the dog.” 

Summary. White rats, aged from 6 to 12 weeks, were injected 
daily for periods of from 10 to 43 days with parathormone in doses 
of from 10 to 20 units. A Steenbock normal rat diet was given. 
Uninjected litter mates as controls remained well, whereas the 
injected animals developed, without exception, muscular weakness, 
hypotonia and skeletal lesions characteristic of osteitis fibrosa 
osteoplastica (von Recklinghausen), namely, a lacunar resorption of 
bone with softening and deformity, bending and multiple fracture. 
The cortex and marrow of these bones were largely replaced by 
fibrous connective tissue containing numerous giant cells, and new 
bone osteoid tissue was also in evidence in numerous cases. 

Conclusion. Chronic hyperparathyroidism produced in rats by 
repeated injections of parathormone leads to bone changes which 
justify a diagnosis of osteitis fibrosa. These experiments support 
the conclusion that the cause of clinical osteitis fibrosa osteoplastica 
(von Recklinghausen) is an excess of the parathyroid hormone. 
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Fic. 2 Fic. 3 

Fic. 2.—Rat 23. Bone destruction, especially at upper end of each tibia; patho- 
logic fracture and cyst of head of humerus. Roentgenogram made on 26th day of 
experiment. Animal received 15 units of parathormone for 16 days and 20 units a 
day for last 4 days. 

Fic. 3.—Rat 23. Roentgenogram (7 days after that of Fig. 2) shows destructive 
process further advanced as a result of continued treatment. Dosage of parathormone 
20 units daily. 
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4 Fig, 5 

Fic. 4.—Rat 23. Destructive process 14 days later than that of Fig. 2. Treatment 
was discontinued after this roentgenogram was made, animal at this time had same 
gross appearance as shown in Fig. 1. Dosage of parathormone 20 units daily. 

Fic. 5.—Rat 23. Upper and lower limbs of animal by roentgenogram 8 months 
after treatment was discontinued, diet and other conditions remaining the same. 
Grossly the bowing had entirely disappeared. Except for slight curvature of some 
bones and exostoses of one foreleg, appearance of Rat 23 by roentgenogram at this 
stage was no different from that of its control litter mate as shown on same film. 
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Fic. 6.—Rat 8. Appearance of bone and marrow in shaft of acontrol animal. (60) 


Fic. 7.—Rat B. Animal died on 7th day of experiment from overdosage of para- 
thormone. Forty units of parathormone daily for 4 of the 7 days on experiment. 
Resorption of cortical bone and marrow fibrosis. Small cysts can be seen in the 
lymphoid marrow. (X 30) 


Fic. 8.—Rat A. (Parathormone and viosterol.) Lacunar resorption of cortical 
bone and marrow fibrosis. (X26) Typical picture for rats receiving parathor- 
mone. Animal died on 10th day of experiment: received 20 units of parathormone 
daily for 8 days and 15 drops of viosterol daily for same period. 
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Fic. 9.—Rat 2. Animal killed on 42d day of experiment. Ten units of para- 
thormone daily for 7 days, 20 units for 3 days and 15 units for 23 days. Normal 
appearing epiphyseal cartilage, proliferation of osteoid tissue, filling in of spaces 
by fibrous connective tissue and cysts in lymphoid marrow. (X 55) 


Fig. 10.—Rat 1. Animal killed on 42d day of experiment. Ten units of para- 
thormone daily for 33 days. Abundance of osteoid tissue in shaft of long bone with 
numerous spaces filled by fibrous connective tissue. (x 30) 


Fic. 11.—Rat B. Fibrous tissue, fibrous marrow and some osteoid tissue in region 
of epiphyseal cartilage. (x 140) (Fig. 7, Rat B) 
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EXPERIMENTAL CHRONIC HYPERPARATHYROIDISM. 


Ill. OSTEITIS FIBROSA PRODUCED IN PUPPIES. 


By L. Jounson, M.D.,* 
CHICAGO, ILL. 


(From the Department of Medicine, University of Chicago.) 


THE production of a chronic state of hyperparathyroidism in 
experiments on man and rats has been reported and the more 
important literature bearing on spontaneous and experimental 
hyperparathyroidism is reviewed in the previous papers of this 
series. The present communication deals with the effects of re- 
peated injections of parathormone in the dog. 


Methods. Puppies were used because of the probability that young bones 
would show more striking changes from a decalcifying procedure. Their 
average age was about 8 weeks. Mineral balance studies were contem- 
plated; and for this reason a synthetic diet was given to the first group of 


* The expenses of this research were met from the John D. Hertz Fund. 
t+ It proved to be impractical to conduct metabolic observations on these small 
animals. The repeated collection of blood was difficult to make and of questionable 
influence on the course of the disease; quantitative collection of urine and feces was 
impossible. For this reason this phase of the problem was studied with human 
subjects, as has been previously reported. 
VoL. 183, No. 6.—suNE, 1932 27 
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these animals. It was composed of casein, 37.8; sucrose, 34.9; lard, 17.0; 
butter fat, 7.0; bone ash, 2.3 and a salt mixture, 1.2 gm. The salt mixture 
consisted of sodium chlorid, 10; calcium lactate, 4; magnesium, 4; ferric 
citrate, 1.0 gm.; iodin as potassium iodid, a few drops and vitamin B in 
Harris’ yeast vitamin powder. This diet is Cowgill’s? improvement upon 
Karr’s diet for metabolism experiments with dogs. The animals treated . 
with parathormone did so poorly on this regimen that it was soon discon- 
tinued. Swift’s Silver Fur Kennel ration was then used for a short time and 
finally a supplemented meat diet consisting of ground lean meat, bread, 
orange juice and cod-liver oil. 

With few exceptions all animals were photographed before the experiment 
started and at intervals during the experiment. Roentgenograms were 
made before and at intervals during the experiments. Roentgenograms of 
the dissected bones were obtained after the death or killing of the animals. 
The soft parts were examined grossly and some of them kept for future 
microscopic study. The long bones were split longitudinally and examined 
grossly. The split bone was fixed in formalin, decalcified in 5 per cent nitric 
acid, mounted in paraffin and stained with hematoxylin and eosin. In 
some instances Mallory’s connective tissue and van Gieson’s stains were 
used. 

Parathormone was administered subcutaneously in doses ranging from 
2 to 20 units daily. In order to keep the animals alive for long periods it 
was found to be necessary to begin with small doses and increase gradually. 
The average duration of the experiments was about 35 days, although some 
animals lived for only a few days and some of the experiments were con- 
tinued for several months. Many animals were lost from over-dosage and 
other causes before correct conditions were established. A chronic state 
of hyperparathyroidism which was long enough in duration for bone pathol- 
ogy to develop was the objective. The diet, the dosage of parathormone and 
the environment all proved to be important factors for success. The supple- 
mented meat diet proved best. Warm, dry, clean and well ventilated quar- 
ters were found to be indispensable. The dosage of parathormone would 
depend upon the age of the animal and its condition. The younger animals 
tolerated large doses badly. In every case very small doses were used at 
first and the amount gradually increased. A control animal of the same 
age, usually a litter mate, was given the same diet and maintained in the 
same cage with each experimental animal. 


Results. A total of 35 puppies were given parathormone in the 
course of these experiments. Abstracts of the protocols of a few 
experiments selected to cover the range of observations are given in 
tabular form. (Table 1.) The details of earlier studies were 
reported last year as a dissertation for the doctorate in medicine. 

It was of special interest that 5 puppies that had been treated 
with parathormone for varying periods developed tonic and clonic 
spasms when the drug was discontinued. This tetany had the ear- 
marks of parathyroid insufficiency. It caused the death of all 5. 
The serum in 1 of these was found to contain 10 mg. of calcium for 
each 100 cc. It was not examined in the other animals. 

The abnormalities noted in all of these experiments were strik- 
ingly similar. Muscular weakness, hypotonia and bone deformi- 
ties were invariable. Action pictures demonstrate muscular weak- 
ness by the limping gait, inability to jump and climb and frequency 
of resting. Gross observations revealed lateral bowing of the fore- 
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Fic. 1.—Dog 6. Bowing of forelimbs after parathormone administration. Ani- 
mal received a total of 46 units of parathormone in doses of from 2 to 8 units a day, 
and during first 7 days of experiment a total of 24 drops of viosterol in doses of from 
3 to 5 drops a day. Medication was entirely discontinued on the 15th day of experi- 
ment and this photograph taken on the 16th day. 


Fic. 2.—Dog 2. Knobbing of wrists following parathormone administration. 
Sixteenth day of experiment. Animal started on 12 units daily and reduced on 3d day 
to 8 units daily. Injections were discontinued on 9th day because of failing condition 
of animal. 
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limbs and knobbing of the wrists of the majority of these animals 
(Figs. 1, 2 and 3). The roentgenograms show rarefaction, moth- 
eaten appearing areas, increased and distorted trabeculation and 
cysts of the long bones (Figs. 4 and 5). In some cases the pelvis 
was likewise involved. In some instances cysts were large enough 
to be plainly visible to the unaided eye when the long bones were 
split (Fig. 6). The most outstanding histologic changes were 
osteoporosis, resorption of both cortical and trabecular bone, en- 
largement of Haversian and communicating canals, the filling of 


Fic. 3.—Dog 45. Deformity of forelimbs following parathormone administration. 


Photographed on 41st day of experiment. Started on 5 units daily and gradually 
increased to 20 units. 


these spaces by fibrous connective tissue, proliferation of osteoid 
tissue and cyst formation. Giant cells with numerous small, round 
nuclei appeared in large numbers, associated with fibrous connective 
tissue as well as in close proximity to bone which was undergoing 
resorption (Fig. 8). 

Only in Dog 45 was there any apparent disturbance in growth of 
the epiphyseal cartilage. In this animal a marked overgrowth of 
cartilage cells suggested rickets, but even here there was a marked 
associated replacement of bone and marrow by fibrous connective 
tissue, as well as bone resorption and proliferation of osteoid tissue. 

An oceasional but infrequent observation was a slate-blue colora- 
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Dog 6. Cysts in humeri. 


Fic. 5. Fic. 6. 

Fic. 5.—Dog 29. Left and right femur. Multiple cysts. Illustrations in Fig. 5 
of Dog 29 were made at the termination of the experiment on the 62d day. 
Animal had received from 5 to 20 units of parathormone daily for a total of 720 
units. 

Fic. 6.—Dog 33. Two halves of right femur showing gross appearance of cysts. 
Five to 20 units of parathormone daily for a total of 575 units. Animal died on 
59th day of experiment, at which time photographs were made. 
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Fic. 7.—Dog 45. Animal killed on 65th day of experiment. Five to 20 units of 
parathormone daily, total 770 units. Lower end of femur. Principally fibrosis and 
osteoid tissue. (x 30.) 


Fic. 8.—Dog 42. Animal received 5 to 20 units of parathormone daily, total 
777 units; and 40, later 20, drops of viosterol daily, total 1340 drops. Killed on 67th 
day of experiment for histologic study of bones. Three multinucleated giant cells 
and marrow fibrosis. (xX 250.) 
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tion which completely obliterated the transparent appearance of 
the cornea. 

Discussion. With suitably nourished and well-cared-for puppies 
and proper precautions regarding dosage, it is thus possible to 
reproduce experimentally, by repeated injections of parathormone, 
a clinical picture that closely resembles the osteitis fibrosa osteo- 
plastica described in man by von Recklinghausen. Similar results 
have been obtained with the rat‘ and by Bodansky and Jaffe! in 
the guinea pig and dog. A wide variety of symptoms and abnor- 
malities had been noted in the human disease. In the experiments 
described on rats, dogs and man the repeated injection of parathor- 
mone has caused practically every peculiarity that has been noted 
clinically. Not all of these changes have been observed in any one 
animal any more than all have been observed clinically in any 
single case, but those which occur often enough in the spontaneous 
diseases of man to be of diagnostic importance have been reproduced 
with great regularity by these experiments. 

The confusion of nomenclature in connection with diseases of the 
bone is particularly apparent in the literature of hyperparathyroid- 
ism, and although it was expected that a bone disease would result 
from such repeated injections of parathormone it could not be fore- 
told whether this would be osteitis fibrosa, osteomalacia or rickets. 
Erdheim postulated that the enlargement of the parathyroids, seen 
so often in association with osteomalacia, represented an inadequate 
attempt at compensation and some clinicians have credited him 
with the same view for osteitis fibrosa and have used the terms osteo- 
malacia and osteitis fibrosa interchangeably. From the results of 
these experiments, and others to be reported, in which animals 
receiving parathormone were simultaneously treated with viosterol, 
it is evident that the two diseases are distinct and that hyperfunc- 
tion of the parathyroid glands, while secondary in the case of osteo- 
malacia or rickets, is a primary factor in the pathogenesis of osteitis 
fibrosa. The relationship of these conditions will be discussed more 
fully in a subsequent report. 

Summary. The experimental production in puppies of a state of 
chronic hyperparathyroidism is reported and descriptions are given 
of the gross, roentgenologic and microscopic abnormalities resulting 
therefrom. This experimental disease, produced with repeated 
injections of parathormone, is characterized by skeletal lesions and 
other abnormalities which correspond closely to those observed in 
clinical cases of osteitis fibrosa osteoplastica (von Recklinghausen). 
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EXPERIMENTAL CHRONIC HYPERPARATHYROIDISM. 


IV. EFFECTS OF ADMINISTRATION OF IRRADIATED ERGOSTEROL. 


By Joserpu L. Jounson, M.D.,* 


CHICAGO, ILL. 


(From the Department of Medicine, University of Chicago.) 


Tue production of chronic experimental hyperparathyroidism in 
man, rats and dogs has been discussed in three previous papers.!?:!!: 
The skeletal lesions resulting from repeated injections of parathor- 
mone are those observed in a disease first described by von Reck- 
linghausen and named by him osteitis fibrosa osteoplastica. The 
influence of irradiated ergosterol on the course of this experimental 
disease is the subject of the present communication. 

A relationship between the parathyroid glands and vitamin D 
has been suggested by the observations of a number of investiga- 
tors. Nonidez and Goodale,“ and Higgins and Sheard*® noted 
hyperplasia of the parathyroids in fowls deprived of vitamin D. 
Hess, Lewis and Rivkin’ found that irradiated ergosterol no longer 
raised the level of serum calcium in a parathyroidectomized monkey 
although the same animal had, previous to operation, responded 
by a rise to the normal from a serum calcium level previously low- 
ered by a diet deficient in calcium. Similar observations on dogs 
led them to the conclusion that vitamin D would stimulate para- 
thyroid activity. Prevailing views as to the mechanism of this 
action are conflicting. Morgan and Garrison” agree with Hess 
that parathyroid activity is more pronounced in the presence of 
vitamin D, but differ from him by denying.that any more hormone 
is produced. In other words, the action of the vitamin according 
to them is upon the hormone rather than the glands. Also Jones, 
Rapoport and Hodes have produced hypercalcemia in para- 
thyroidectomized dogs when large doses of irradiated ergosterol 
were used and have found that a pre-operative administration of 
irradiated ergosterol prolongs life, and either prevents or delays 
the onset of tetany in thyroparathyroidectomized dogs. They are 
thus agreed with Morgan and Harrison that the action of vitamin D 
is not upon the glands and regard its effects as supplementary to 
those of the hormone. 

From incompletely controlled observations in a clinical case of 
osteitis fibrosa with parathyroid gland tumor, the impression was 
gained that cod-liver oil (vitamin D) was clinically beneficial. 
Wilder?’ pointed out that an antagonism was suggested by this 
observation, and Compere* and Quick and Hunsberger"’ have since 


* The expenses of this research were met from the John D. Hertz Fund. 
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reported clinical experience which seemed to substantiate this 
hypothesis of antagonism. However, the interpretation placed 
upon the experiments of Nonidez and Goodale, and of Higgins and 
Sheard, namely, that the action of the parathyroids and vitamin D 
is supplementary, is quite untenable if this is true, because, as 
Wilder stated, “if irradiated ergosterol supplements the para- 
thyroids its exhibition should aggravate, certainly not benefit, con- 
ditions attributable to overfunctioning of the parathyroid glands.” 

It was for the purpose of obtaining more definite experimental 
evidence in this problem that irradiated ergosterol was given to 
animals receiving parathormone. The results obtained have con- 
vinced me of the essential difference between either osteomalacia 
or rickets and osteitis fibrosa. The osteitis produced by chronic 
injections of parathormone®!°" was actually aggravated by the 
simultaneous administration of irradiated ergosterol and no antag- 
onism whatsoever could be demonstrated. 


Methods. The study covers experiments with rats, dogs and human 
subjects. Metabolic investigations formed the most important feature of 
the observations on man. The methods and results of these have been 
reported by Johnson and Wilder.” In the work with rats and dogs the 
same methods were used as were reported!®," for experiments with para- 
thormone alone, except that irradiated ergosterol (viosterol) was adminis- 
tered by mouth. Litter mates of the animals which received parathormone 
alone served for this purpose, the experiments running simultaneously. 
The same dosage of parathormone was used in both groups of animals. 
The rats received 10 to 20 units of parathormone daily, and 10 to 15 drops 
of viosterol.* In the case of Rat 5, 15 to 60 drops were given, and Rat 7, 
received 15 to 30 drops (Table 1). The puppies had from 2 to 20 units of 
parathormone daily and from 3 to 40 drops of viosterol. The latter was 
mixed with the food for the rats and in the case of the puppies was dropped 
directly into the back part of the mouth. Its introduction always preceded 
the parathormone injections by several days. Other litter mates on identical 
diets, but no medication, served as controls. 

One rat, No. 30, was carried on viosterol alone for 24 days and then 
upon parathormone and viosterol for 5 days (Table 1). 


Results. Fifteen puppies and 20 rats received viosterol together 
with parathormone in this series of experiments. Illustrative proto- 
cols are presented in the accompanying tabulation. The results in 
the early studies with puppies suggested some protection from the 
irradiated ergosterol, but later experiments with puppies and rats, 
and the metabolic data obtained with human subjects, disprove 
this and clearly indicate that irradiated ergosterol not only is not 
antagonistic in its action but actually intensifies the effects of para- 
thyroid hormone. ‘The same outstanding lesions, observed by gross, 
roentgenologic and microscopic examinations in the parathormone 
experiments!’ were equally and usually more prominent in animals 
treated with both parathormone and irradiated ergosterol. (Figs. 
1 to 12.) 


* A dropper furnished with the Johnson-Mead product was always used. 
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Among the most interesting additional observations in the para- 
thormone viosterol experiments was a marked metastatic calcifica- 
tion of the kidneys. In no instance, when parathormone was 


Fig. 1.—Dog 42. Bowing of fore legs after parathormone and viosterol adminis- 
tration of 38 days. Animal received from 5 to 20 units of parathormone daily during 
this period. For first 11 days of experiment 40 drops of viosterol was given each day 
after which dose was reduced to 20 drops daily. 


given alone, could the kidney be definitely visualized by roentgeno- 
grams, although in 2 cases in rats there were faint outlines sugges- 
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Fig. 2.—Dog 42. Flexible and fibrous right fibula after parathormone and vio- 
sterol administration. Animal killed to terminate experiment on 67th day. In 52 
days 777 units of parathormone was administered in doses of from 5 to 20 units a 
day. 1340 drops of viosterol was given in 56 days, 40 drops a day for first 11 days 
and 20 drops for 45 days. 


tive of such visualization. With the simultaneous administration 
of parathormone and viosterol the kidney of the rat was repeatedly 
and clearly visible in the roentgenograms. (Fig. 3. 
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Fig. 3. Fig. 4. 


Fic. 3.—Rat 5. Rarefaction and resorption of long bones, kyphoscoliosis and 
calcified kidneys. Roentgenogram made at termination of experiment on 42d day. 
A total of 430 units of parathormone had been administered in 31 days in doses of 
from 10 to 20 units per day. 1240 drops of viosterol was given in 51 days in quanti- 
ties of from 15 to 60 drops a day. 

Fic. 4.—Rat 21. Marked bone destruction at upper end of each tibia and slipped 
epiphysis at head of humerus. Roentgenogram made on 26th day of experiment. 
A total of 210 units of parathormone in doses of 15 units a day and a total of 255 
drops of viosterol at rate of 15 drops a day had been administered. Fig. 5 shows 
healing in same animal 7 days later. 
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Fia. 5. Fic. 6. 


Fic. 5.—Rat 21. Healing at the upper end of each tibial after medication had 
been stopped for 7 days. Fig. 4 shows the condition before medication was stopped. 

Fic. 6.—Rat 30. Animal used to determine whether or not viosterol alone 
would cause calcification of kidneys to extent of roentgenologic visualization. 15. 
drops of viosterol per day was given for 24 days. No evidence of bone lesions or cal- 
cification of kidneys after 8 days on viosterol. (In series with Figs. 7 and 8.) 
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Fig. 7. Fia, 8. 

Fic. 7.—Rat 30. No evidence of bone lesions or kidney calcification after 24 
days on viosterol. (Roentgenogram made 16 days after Fig. 6.) 

Fic. 8.—Rat 30. Rarefaction of skeleton bone destruction and striking calcifi- 
cations of the kidneys. This roentgenogram was made 7 days after that shown in 
Fig. 7. During the first 4 of these 7 days the animal received 15 units of para- 
thormone daily in addition to viosterol. 


Fic. 9.—Rat A. Resorption of cortical bone. (X 60.) Animal died on 10th 
day of experiment and had received 20 units of parathormone daily for 8 days and 15 
drops of viosterol a day for 8 days. 


4 


Fic. 10.—Rat A. Fibrous tissue replacement of bone and bone marrow, lacunar 
resorption, cysts, osteoid tissue and giant cells. (Xx 60.) See legend of Fig. 9. 


Fic. 11.—Rat 5. Fibrous tissue replacement of bone, filling in of enlarged 
canals of the cortex by fibrous tissue, cysts and osteoid tissue. (X 30.) See legend 
of Fig. 3. 
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In order to answer the question as to whether or not irradiated 
ergosterol was alone responsible for this greater degree of meta- 
static calcification, Rat 30 was kept on this vitamin D concentrate 
for 24 days, before being given parathormone. At the end of that 
time no metastatic calcification was evident roentgenologically 
(Figs. 6 and 7), and on the twenty-fifth day 15 units of parathor- 
mone was injected. This dose was continued for 3 days, where- 
upon the previously excellent condition of the animal changed to 
a poor one. ‘The dose was then decreased to 10 units for 1 day and 
discontinued. In roentgenograms made when this treatment was 
stopped the kidneys are clearly visible. (Fig. 8.) The animal 
died 2 days later. 

The roentgenograms of Rat 21 bring out another interesting 
feature, namely, the rapidity of healing of the skeletal lesion. This 
animal had developed all of the gross deformities and roentgeno- 
graphic changes of osteitis fibrosa. (Fig. 4.) With other condi- 
tions remaining the same, parathormone and viosterol were discon- 
tinued. Seven days later roentgenograms revealed a very striking 
amount of healing. (Fig. 5.) 

The histologic examinations of the bones of both the rats and 
dogs in these experiments revealed extensive resorption of trabecu- 
lar and cortical bone, proliferation of osteoid tissue, cyst formation, 
giant cells and replacement of bone and marrow by fibrous connec- 
tive tissue. (Figs. 9,10 and 11.) The kidneys showed enormous 
calcium deposits in the tubules and interstitial tissue but no stone 
formation. (Fig. 12.) 

Discussion.—A comparison of the results in these experiments 
with those reported previously '°-! shows that the skeletal abnormal- 
ties were as great and usually greater when irradiated ergosterol 
accompanied the injections of parathormone. Also, as reported 
earlier,” the pain, muscular weakness, headaches and _ lassitude 
experienced by the human subject were worse during the period 
of parathormone and irradiated ergosterol than they had been 
during the parathormone period. The negative calcium and 
phosphorus balances of the parathormone period of the human 
experiment became greater during parathormone and irradiated 
ergosterol administration.” These observations indicate that irra- 
diated ergosterol actually aggravates the conditions attributable to 
hyperparathyroidism. 

Metastatic calcification has been frequently reported in conditions 
of parathyroid overfunction, and likewise in connection with the 
administration of irradiated ergosterol. The kidney in each in- 
stance has been one of the most frequent tissues affected. I have 
found, however, no clinical or experimental reports of renal calcifi- 
cation sufficiently intense to render the kidney visible by roentgeno- 
gram. In these experiments neither parathormone nor irradiated 
ergosterol alone produced sufficient calcification for kidney visualiza- 
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tion, but when the two substances were administered simultaneously 
the kidneys could be clearly seen. (Fig. 3.) On microscopic ex- 
amination calcium was found in the tubules and to a less extent 
in the interstitial tissue in the parathormone as well as the parathor- 
mone irradiated ergosterol animals, but much more abundantly in 
the latter. (Fig. 12.) There was also considerable damage to 
renal parenchyma. Nephritis and nephrolithiasis, seen clinically 
in association with tumor of the parathyroid gland and osteitis 
fibrosa, may well be explained on the basis of this metastatic 
calcification. 


Fie. 12.—Rat 5. Calcium deposits in kidney. (xX 12.) 


These experiments permit of the following interpretation. Vita- 
min D either stimulates the parathyroid glands to secrete more 
hormone or intensifies the activity of the hormone in circulation or 
supplements in its action the effect of the hormone. They certainly 
bring no evidence of inhibition of the glands or neutralization of 
the hormone, and consequently no support for the clinical treatment 
of states of hyperparathyroidism with cod-liver oil, ultraviolet light 
or irradiated ergosterol. The danger of intensifying metastatic 
calcification is very real, and for this, if for no other reason, treat- 
ment with vitamin D is definitely contraindicated in osteitis fibrosa. 

The outcome of the study also indicates the complete etiologic 
dissimilarity between the osteitis fibrosa and rickets or osteomalacia. 
The skeletal lesions of the former are intensified by vitamin D con- 
centrates which are so beneficial in the latter. The hypertrophy 
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of the parathyroids that accompanies rickets, as noted first by 
Erdheim, and the similar hypertrophy of these glands that occurs 
in fowls that are grown under amber light or are otherwise deprived 
of vitamin D is a phenomenon secondary to vitamin D deprivation. 
It may be an attempt at compensation, as originally suggested by 
Erdheim. That such gland produces more hormone than normal 
is not improbable, but that this increased hormone output is not 
in excess of the tissue demand is shown by the absence of lesions 
like those which appear when parathormone is administered to 
normal animals. In osteitis fibrosa we have to deal with normal 
demand and excessive supply of hormone, for which a primary 
enlargement of parathyroids is responsible. These conclusions are 
in harmony with the observation that in rickets and osteomalacia 
hypertrophy involves all of the parathyroids with more or less 
uniformity, whereas it is a rule in osteitis fibrosa for one or at most 
two glands to be enlarged as tumors with the remainder remaining 
normal in size and structure. The case of osteitis fibrosa studied 
by Hannon and his colleagues, and later operated upon by Richard- 
son,!* is no exception to this rule. A careful surgical exploration 
of the neck failed to reveal either a tumor or any general hyper- 
trophy of the parathyroids, but this only suggests that overfunction 
of parathyroids and excessive hormone supply may occur in the 
absence of anatomic abnormalities. Several analogies can be 
cited, particularly the healthy appearance of the islets of Langer- 
hans in certain outstanding instances of hyperinsulinism, as reported 
by Allan! and the Finneys.‘ 

Summary. An answer was sought to the question as to the rela- 
tionship of osteitis fibrosa to those other skeletal diseases, especially 
rickets and osteomalacia, that are also associated with hypertrophy 
of parathyroid glands. Metabolic studies of the problem have been 
reported previously; the results of animal experiments are given 
here. Irradiated ergosterol, in a dosage of 5 to 60 drops daily, was 
fed to young, white rats and puppies maintained in a chronic 
state of hyperparathyroidism by the daily injection of parathor- 
mone. These animals were litter mates of others that developed 
the skeletal lesions of osteitis fibrosa when treated with parathor- 
mone alone.!°! The technique of experimentation, the diets and 
dosage of the parathormone was the same as that previously 
reported.!°!! The outcome was the same, except that the result- 
ing lesions typical of the skeletal abnormalities of osteitis fibrosa 
were, on the whole, more extensive. Metastatic calcification in the 
kidneys was also more marked. ’ 

Whereas vitamin D concentrates effectively protect against rickets 
or osteomalacia, it is evident from these experiments that they 
intensify the disease produced by excess of parathyroid hormone. 
It is, therefore, clear that rickets or osteomalacia differ essentially 
in pathogenesis from osteitis fibrosa. While the hypertrophy of 
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the parathyroids in conditions of vitamin D deficiency may be com- 
pensatory and is certainly a secondary phenomenon, the tumors of 
parathyroids found in association with osteitis fibrosa are of primary 
significance. It is recognized, however, that overfunction of para- 
thyroids may occur in the absence of tumors or other morphologic 
abnormality. 


The technical assistance of Mrs. Helene Wallace and of Mrs. Estellena G. Johnson 
in the preparation of the histologic sections in these experiments is gratefully acknowl- 
edged. 

Norte.—I desire especially to acknowledge invaluable suggestions and criticisms 
from Dr. Russell M. Wilder. 
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Ir has been fairly well established by animal experimentation 
and clinical observation that excessive doses of irradiated ergosterol 
are capable of producing definite ill effects. Relatively few instances 
of disturbances due to small amounts are mentioned in the literature. 
The present study was undertaken because observation seemed to 
indicate that the prevalence of idiosyncrasy to viosterol is greater 
than hitherto reported. 
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About 1 year ago we encountered in our private practice several 
instances of mild enteric disturbances of obscure origin which 
occurred in infants without any apparent relationship to change of 
diet or parenteral infection. Observation revealed that these ill 
effects were prevalent among those who were receiving prophylactic 
doses of acterol or viosterol, 100 D. It was decided to investigate 
further to determine a possible relationship to the medication. 

Scope of Investigation. Irradiated ergosterol in the form of vios- 
terol, 100 D or 250 D (after the introduction of the latter) was 
administered to 200 infants who continued under our observation 
for a period of from 6 months to 1 year. Treatment was instituted 
at the age of 7 weeks if possible or at the time of the first visit. 
The initial dose was 1 drop 3 times a day for 4 days and then 
increased 3 drops a day every fourth day until a total of 5 drops 
3 times a day was reached. This latter dosage was not increased 
except in cases of prematurity or florid rickets. The final dose 
was continued for the entire period of observation or until untoward 
symptoms were observed. Ill effects resulting from more than 
9 drops a day are considered due to excessive dosage and not as 
instances of idiosyncrasy. 

In those infants who showed any disturbances, the viosterol was 
immediately discontinued and the mother instructed to render daily 
telephone reports of the subsequent condition of the child. The 
medication was suspended for 3 or 4 weeks and then resumed in 
1-drop doses 3 times a day and increased every fourth day as indi- 
cated above. The mother continued to report daily until the case 
was placed in the idiosyncrasy or nonidiosyncrasy group. A physical 
examination and change of diet was made every 4 weeks. It was 
considered at the onset of the study to consider only those distur- 
bances as being due to the action of viosterol which showed the 
following sequence: The ill effects appeared after administration 
of viosterol, subsided upon its suspension and reappeared upon its 
resumption. No case was to be included within the idiosyncrasy 
group unless this repetition of symptoms occurred and recurred. 

To determine whether the results were produced by irradiated 
ergosterol or by the oil medium, it was decided to administer the 
latter without viosterol. Nonirradiated maize oil, obtained through 
the courtesy of Mead, Johnson & Co. and stated by them to be 
the medium used in their product, was administered to 5 infants 
who had previously shown ill effects on viosterol. The dosage was 
equal to that of the original administration of the drug and was 
given for 1 week. Unfortunately we were able to obtain consent 
of only 5 mothers and our findings for this phase of the study are 
therefore inconclusive. 

Previous Condition of Infants in Idiosyncrasy Group. A considera- 
tion of the previous health of the infants who reacted to the drug 
is important for a proper evaluation of the study. It so happened 
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that all but 2 were artificially fed. The health and general condition 
were good as attested by increasing weight and normal development 
along mental and physical lines. None of the infants presented 
any signs of rickets at the onset of treatment. 

There was a previous history of vomiting in 3 infants which had 
been controlled prior to the institution of treatment. The admin- 
istration of even 1 drop of viosterol in 2 was followed almost imme- 
diately by vomiting, but in the third infant there was no recurrence. 
No child was included in this group who had a previous history of 
diarrhea. Constipation was present in 4. 

Results. Of the 200 infants studied, 15 showed untoward symp- 
toms and form the basis of this report. There were, however, 
numerous other instances where ill effects appeared after 1 admin- 
istration, but through the mother’s refusal to continue the procedure 
as indicated above, they are not included. In another small per- 
centage of cases also not included, the disturbances appeared after 
the drug had been given but did not reappear upon its resumption. 

In the 15 cases cited, untoward results appeared almost imme- 
diately or within 1 or 2 days. These disturbances were found with 
doses ranging from 1 drop given only once to 3 drops 3 times a 
day. A few instances were noted of a continued disturbance after 
the drug had been stopped, confirming Hess” belief in its progressive 
action. Schmidtmann,? on the basis of experimental work on cats 
and rabbits, also concluded recently that the drug exerts an effect 
on tissues even after it had been discontinued. 

The ill effects in the order of their frequency were: loose bowel 
movements, vomiting, loss of appetite, colic and stationary or loss 
of weight. These symptoms usually appeared in various combina- 
tions, but only 1 infant manifested all the possible effects while 
5 showed only 1 disturbance. . 

Diarrhea. The most frequent untoward symptom was an alter- 
ation in the character of the stools, occurring in 12 infants. The 
effect varied from 2 to 3 soft, normal movements to a definite 
diarrhea of numerous, loose, watery, yellow or green evacuations 
which were slimy in some instances. The condition generally sub- 
sided within a day after the drug had been discontinued, but in 
2 instances a continued action necessitated a change to lactic acid 
or protein milk feeding. It was a fairly common occurrence for an 
infant with a previous obstinate constipation to pass 1 or 2 soft 
stools after the administration of viosterol. The dose of tolerance 
ranged from 1 to 9 drops, varying with each individual. In com- 
parison to the infant who could not tolerate even 1 drop, there was 
the other who showed no ill effects until-given 9 drops a day. In 
1 child, 3 to 4 loose, yellow movements a day appeared as long as 
viosterol was administered. The largest number of stools noted in 
1 day was 25, in a physician’s child. 
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lomiting. Vomiting was noted in 8 infants, occurring in all but 
1 as an associated symptom. In some it followed almost immediately 
upon the administration of viosterol, while in others it did not 
appear until 2 days later. Instances of slight spilling are not con- 
sidered under this heading. Suspension of the médication generally 
resulted in a cessation of disturbance except in 2 infants, in whom 
it continued for 3 and 4 days respectively. In every instance 
vomiting eventually subsided with the discontinuation of the drug 
and recurred on its resumption. 

Loss of Appetite. Loss of appetite was not considered an unto- 
ward symptom unless it appeared in combination with other ill 
effects, because of its common occurrence during infancy. In some 
infants an impairment of appetite was dominant while in others it 
was of secondary importance. As with the other ill effects, it 
appeared either immediately or within a few days after the insti- 
tution of treatment. One infant illustrated the rapidity with which 
viosterol acted at times. He received 1 drop in orange juice at 
' 8 a.M., he refused his bottle at 9 a.m. and experienced an attack of 
severe colic at 12 noon. Subsequent administration always resulted 
in almost instantaneous loss of appetite. 

Colic. Intestinal colic was present in 4 infants and always in 
association with other symptoms. The latter were diarrhea and 
vomiting in 3 infants and loss of appetite in 1. At no time did it 
occur in combination with constipation as reported in J. H. Hess’ 
series with excessive dosage.* The effects were immediate in every 
case with a dosage ranging from 1 to 3 drops. One infant vomited 
immediately after the ingestion of 1 drop of viosterol but reacted to 
3 drops by a severe attack of colic, diarrhea and vomiting. 

Weight. The general condition of the infants was not affected 
by the occurrence of untoward svmptoms. There was an increase 
in weight in all but 3. Stationary weight was found in 2 children 
and was associated with loss of appetite, vomiting and 2 or 3 loose 
movements a day. One showed in addition an intolerance to Alpine 
lamp treatment as evidenced by stationary weight and loss of 
appetite during the entire course of treatment. Both infants 
gained in weight on the discontinuance of viosterol without any 
change in diet. Loss of weight was encountered in 1 infant who had 
a protracted diarrhea following administration of viosterol and 
which continued for weeks after the drug had been stopped. The 
effect on weight in these 3 infants may well be attributed to the 
composite action of associated symptoms and not to the direct 
effect of viosterol. 

Rash. Two instances of rash, one erythematous and the other 
maculopapular, seemed to be due to administration of viosterol 
but are not included within the 15 cases of idiosyncrasy because of 
failure to reappear upon the resumption of the medication. 
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Nonirradiated Maize Oil. Administration of nonirradiated maize 
oil to 5 infants who had previously manifested untoward svmptom- 
atology after viosterol was not followed by any disturbances. 

Blood and Urine Findings. Because of the limitations placed 
upon a clinical study of private office patients, we are unable to 
present any data on the calcium or phosphorus content of the blood 
or on urinary analysis. 

Duration of Idiosyncrasy. As with other idiosyncrasies, that for 
viosterol is probably not of a permanent nature. This is well 
illustrated in 1 infant in our series who received the initial dose of 
2 drops 3 times a day at the age of 9 weeks and 2 days later reacted 
by vomiting and diarrhea. From then on (December 14, 1929) until 
September 3, 1930, the administration of even 1 drop was followed 
by the evacuation of loose, watery stools. In the latter part of 
September, 1930, the mother ventured once more to give 1 drop, 
and not obtaining any subsequent diarrhea, gradually increased the 
amount to 20 drops at one dose. There was no reaction for the 
next 2 months, when we saw the child and advised that the amount 
be diminished to 15 drops. 

Comment. The original investigations of Pfannenstiel‘ and of 
Kreitmair and Moll’ on the production of ill effects by massive 
amounts of irradiated ergosterol in animals have been confirmed by 
others.6 We now possess a fairly definite syndrome following the 
administration of 1000 to 40,000 times the prophylactic dose which 
may be briefly summarized as follows: 

Subjective and Objective. Loss of appetite and lowered food intake; 
stationary or actual loss of weight; cachexia; diarrhea; diminution 
in heart rate. 

Chemical Alterations. Hypercalcemia; hyperphosphatemia; urine 
saturated with calcium salts; increased acidity of feces; protein con- 
centration of serum decreased with higher albumin-globulin ratio. 

Postmortem Findings. Hypercalcification shown by deposition 
of calcium in kidneys, lungs, heart, colon, liver and bladder; for- 
mation of bladder calculi and grit; vascular injuries consisting of 
calcification of aorta and arterioles of kidney and suprarenal gland; 
necrosis of arterioles, especially of kidneys; hypermineralization of 
bones. In addition to these primary changes, there may be noted 
secondary reduction in size of the spleen and atrophy of thymus 
and loss of fat in subcutaneous tissue. 

Some of the disturbances have been noted in children by several 
clinicians’ after the use of large doses, but which did not approach 
the massive amounts employed in the laboratory. These also may 
be considered from the same viewpoints: 

Subjective and Objective. Gastrointestinal symptoms such as 
diarrhea, vomiting, colic and, in a few instances, constipation; loss 
of appetite; stationary or actual loss of weight; dehydration and 
picture of intestinal toxicosis; stupor and peculiar mental state; 
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pallor; skin rashes and pigmentation; fever; renal irritation mani- 
fested by urinary changes such as diminished output, albuminuria, 
casts and cylinders, presence of red and white blood cells. 

Chemical Changes. Hypercalcemia, hyperphosphatemia and hy- 
permineralization of bones. 

Postmortem Findings. These are similar to those found in experi- 
mental animals but are obviously not as severe. Those reported 
were in infants who were receiving therapeutic or prophylactic 
treatment and who died from intercurrent infection. 

In contradistinction to this, several clinicians feel that the result 
of animal experimentation cannot be carried over to infants. A. F. 
Hess® recently stated that there is little danger of inducing acute 
poisoning from preparations of irradiated ergosterol and that no 
harmful consequences would follow if an infant received, through 
an error, several teaspoons of it. Moore, Dennis and Phillips’ feel 
“that the preparation is as free from toxic effects as ordinary salt.” 
J. Hess and collaborators? studied a large group of infants and 
found that the administration of 21 to 52 times the prophylactic 
dose in long feeding experiments and 250 times in shorter periods 
did not produce any of the ill effects mentioned by others with the 
exception of constipation and colic. On the contrary, they observed 
an increase in appetite and a gain in weight which was good, but 
not in proportion to the food intake. While not denying the possi- 
bility of toxic effects in large enough dosage, they consider that their 
results indicate the wide margin of safety in the use of viosterol. 
Sobel and Claman" did not obtain any unfavorable symptoms with 
large amounts in either short or long feeding periods, one child 
receiving as much as 12 mg. of vigantol daily for 80 days. Kostyal" 
also reports the absence of any disturbances with both moderate 
and large doses of vigantol. 

While the administration of irradiated ergosterol in prophylactic 
and therapeutic doses is usually not attended by any untoward 
symptomatology, our results indicate that mild disturbances may 
occur in a small percentage of cases with even minute amounts. 
If we adhere to the definition of idiosyncrasy as a susceptibility 
in an individual to the action of a drug or food in amounts which 
are tolerated by the average person, then these instances must be 
considered as examples of idiosyncrasy to irradiated ergosterol. 

It is difficult, however, to determine these limitations because 
of fundamental differences in the process of manufacture of the 
various products throughout the world with a resultant variation 
in strength and dosage. In Germany, the amounts are prescribed 
in so many milligrams ranging from 0.5 to 10 per day, depending 
upon the opinion of each individual clinician. Gyorgy’ thinks that 
the amounts usually administered are too large and advocates 0.2 to 
0.8 mg. as the prophylactic dose and- 1 mg. as the therapeutic, with 
an increase to 2 or 3 mg. in florid rickets and tetany. If we consider 
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that 0.5 to 1 mg. of irradiated ergosterol is the equivalent of 7 to 
14 teaspoonsful of cod-liver oil, and that 5 mg. represent 70 tea- 
spoons of cod-liver oil, then only can we appreciate what these 
various doses indicate. An expression of dosage in terms of milli- 
grams, according to Hess,! is meaningless. To be of any value, the 
preparation must be of uniform strength and represent definite 
amounts of an antirachitic agent. Biologic tests for potency on 
rats have shown that four widely used preparations made in Ger- 
many, United States, France and England bear the following ratio 
to one another: 2500 to 100 to 80 to 14. The product known as 
Viosterol, 250 D, which is used in this country is biologically stand- 
ardized according to the Steenbock method,” has a potency of 
250 times that of a high grade cod-liver oil, contains 75 vitamin D 
units per drop and is dispensed with a standard medicine dropper. 
The prophylactic dose is 10 drops per day and the therapeutic, 15, 
with larger amounts for rickets and tetany. 

It is surprising that the literature contains very little information 
on idiosyncrasy to this drug, it being mentioned by only a few 
investigators such as Wiskott,'* Eory,'* Ochsenius® and A. F. Hess.’ 
The latter was at first inclined to associate the peculiar symptom- 
atology with a hypercalcemia and an intercurrent infection, but 
considers “‘that it is also possible that these children were peculiarly 
sensitive to the action of irradiated ergosterol.’’’? The only reference 
to the occurrence of an actual idiosynerasy which we were able to 
find is that of Ochsenius,” who observed 3 instances and describes 
in detail the condition in his son who was unable to tolerate even 
1 drop without vomiting every time it was given. Other possible 
examples may be found in Radecourt’s 5 patients who showed a 
pigmentation of the skin on receiving 5 drops 2 times a day for 
periods of 7 to 25 days. The ill effects after the use of 4 to 10 mg. 
per day reported by Wiener,!’ Eory,'* Bernheim-Karrer and Zaruski!® 
must be considered from the viewpoint of excessive dosage rather 
than idiosyncrasy if Gyorgy’s and Hess’ dosage are accepted as 
adequate. Likewise the calcification noted by Putschar!® and by 
Nikolaeff and Zimbler?® may probably be placed upon the basis of 
an increased susceptibility to irradiated ergosterol during the course 
of an acute infection rather than upon that of a primary idiosyn- 
crasy. A similar increase of susceptibility in tubercular children is 
claimed by Bamberger and Stranger’? and Dekgwitz," but this is 
denied by Gyorgy,’ Gehrt-Elberfeld” and others. 

That phase of our experiments which consisted of the adminis- 
tration of nonirradiated maize-oil was an attempt to determine, if 
possible, whether the ill effects were produced by the irradiated 
ergosterol or by the oil medium. While inconclusive because of 
the small number, the results tend to indicate that the disturbances 
were due to the drug itself and not to the oil medium. This is in 
keeping with the findings of others. Gyorgy’ noted unfavorable 
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symptoms after the use of both dry and oil preparations and Eory™ 
observed a rash following the administration of tablets. A discussion 
of the identity of the underlying causative factors responsible for 
the so-called toxic effects in general is outside the province of this 
communication. The consensus of opinion at the present is that 
irradiated ergosterol probably contains two separate and individual 
components—one antirachitic and the other toxic. Windaus*™ and 
Reerink and van Wijk have recently reported the separation of 
these two factors by chemical means. 

Summary. Irradiated ergosterol in the form of viosterol (100 D 
and 250 D) was administered in doses of 1 to 9 drops a day to 
200 infants who were observed over a period of 6 months to 1 year. 
Untoward symptoms were noted in 15 in the following order of 
frequency: diarrhea, vomiting, loss of appetite, colic and stationary 
or loss of weight. No case is included in this group unless a definite 
sequence was obtained, consisting of administration of the drug, 
appearance of ill effects, subsidence of the latter on suspension of 
the drug and finally reappearance on the resumption of viosterol. 
We feel that the chronological sequence of these events show a 
definite idiosyncrasy to the drug. One infant lost the intolerance 
in 1 year. 

Conclusions. A definite pharmacologic idiosyncrasy to minute 
amounts of irradiated ergosterol (viosterol 250 D) exists in some 
infants. According to the incidence found in our series this is of 
more frequent occurrence than the literature indicates. The drug 
should be suspended upon the appearance of any ill effects and 
permanently discontinued in the event of reappearance of symp- 
toms upon its resumption. The idiosyncrasy to viosterol may not 
be permanent. We wish to emphasize that the possibility of an 
individual idiosyncrasy should in no way detract from the general 
use of irradiated ergosterol in either the prophylactic or therapeutic 
treatment of rickets. 
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SERUM TREATMENT OF 19 CASES OF ANTHRAX INCLUDING 
ONE OF EXTERNAL, INTERNAL AND BACTEREMIC TYPE. 


By PascaL F. Luccursit, M.D., 


CHIEF RESIDENT PHYSICIAN, PHILADELPHIA HOSPITAL FOR CONTAGIOUS DISEASES, 
PHILADELPHIA, PA. 


ANTHRAX, also known as malignant pustule, woolsorter's disease, 
charbon, milzbrand and splenic fever, is of extreme interest to 
physicians and employers in certain industries. It may be said 
that no industrial disease can have such an insidious onset and 
produce such devastating results as anthrax. Indeed, it may be 


so rapid in onset that a person leaving home in the morning in good 
health to pursue his or her usual occupation may be in a hospital 
by the afternoon and in the grim clutches of death by the next 
morning. 

It is quite common among the workers of the great leather and 
wool industries. Philadelphia, and for that matter the entire State 
of Pennsylvania, is widely known for its tanneries, probably the 
largest in this country. Persons falling victims to this disease are, 
as soon as diagnosed or even suspected, sent to the Philadelphia 
Hospital for Contagious Diseases for treatment and final diagnosis. 
When it is remembered that the mortality rate is quoted as 10 per 
cent in external anthrax, 90 per cent in the internal type, and 
100 per cent in cases which show a blood stream infection, the 
importance of early diagnosis and treatment cannot be made too 
emphatic. In Pennsylvania, out of 123 cases, which occurred in a 
period of 12 years, 20 per cent died.! In our series of 19 cases 
admitted to this hospital from November, 1928, when I assumed 
charge of their management, to the present date, we have had the 
good fortune not to have suffered any deaths. 

A total of 25 cases was admitted to this hospital with the provi- 
sional diagnosis of anthrax, but only 19 cases were bacteriologically 
positive. Three might have been called anthrax clinically but were 
not verified by the bacteriologic reports. Two cases were very 
definite cases of furunculosis. 

Anthrax may be defined as an acute infectious disease prevalent 
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among animals, especially sheep, cattle, etc., and contracted by 
man through the handling of infected materials, either directly or 
indirectly. 

Historically it has been traced back to the time when Moses 
threatened Pharaoh with an epidemic. It is mentioned by such 
literati as Homer, Virgil, Hippocrates, Galen and Pliny. It took 
the lives of many animals as well as men. In 1613, 60,000 persons 
died from this disease in southern Europe. By the end of the 
sixteenth century it was suspected that this disease was transmitted 
to man. However, not until 1769 was it first described in literature 
by Fournier of France. 

The causative organism, the Bacillus anthracis, was discovered 
by Koch in 1876, and the vaccine for its treatment in animals was 
made in 1880 by Pasteur. It is the largest of the pathogenic bac- 
teria, measuring 5 to 10 microns in length and 1 to 1.25 microns 
thick. It isa spore-forming organism and is one of the most resistant 
to disinfectants. Spores have been found to survive by Aiello and 
Drago? for 17 years, and for 18} years by Busson. It is the first 
disease of animals and man which was shown to be caused by a 
microérganism and likewise the first disease against which a bacterial 
vaccine was found to be effective. 

Geographically it is said to be pandemic in distribution. It is 
more common among the cattle of Siberia, China and other foreign 
countries. In Siberia it is also known as “Siberian boil plague,” 
while it was described by the Arabian physicians as “Persian fever.” 
On this continent it exists both in North and South America. In 
man it is most prevalent in the great industrial states of Pennsyl- 
vania, New York and Massachusetts, and is endemic in New Jersey 
and Delaware. It is of interest to note that the first human case 
on record in the United States occurred here in Philadelphia in 1834. 

It is usually contracted by handling contaminated hides, hairs and 
wool. Contact with such material may be established by the 
handling of live cattle during the process of skinning such infected 
animals, or as is most common, in the leather and wool industries. 
Domestic hides play a negligible part in the spread of this disease. 
Most infections can be traced to foreign hides. 

Many cases of infection through the use of shaving brushes* have 
been reported both here and abroad. Cases of soil infection through 
foot wounds have been reported in Kansas. Infection from person 
to person is very rare. Dr. S.:‘S. Woody, who has probably seen 
more cases of anthrax than any single individual in the United States, 
has never seen a case among the doctors, nurses or attendants in 
this hospital in a wide experience of 23 years. He has, however, 
seen a case in a housewife, whose husband was a leather worker, 
but who had not contracted the disease. Hodgson,‘ of England, 
reports a case in a baby, aged 15 months, who contracted the disease 
from the father, who likewise was suffering from anthrax. McKet- 
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terick and Pearson’ in this country report a case in a child, aged 
23 years, but there is no mention as to the possible source of infec- 
tion. In view of these facts it seems to me that anthrax is not a 
highly infectious disease. It surely is not as infectious as epidemic 
meningitis or infantile paralysis, which diseases are handled in 
general hospitals. It should be possible, therefore, to treat cases 
of anthrax in any general hospital, thereby bringing about a more 
equal distribution of hospital expenditure. 
AGE INCIDENCE IN OuR SERIES. 


As to the prevalence among the leather and wool industry, our 
cases showed about an equal distribution. 
OCCUPATION. 
Leather industry 
Wool industry 
Hair and brush 
Miscellaneous: 
Longshoreman 
Painter in tannery 
Carpet weaver... 
Auto-driver, handled rawhides 


Total 


Types of Anthrax. ‘The types of anthrax are given as the external 
and the internal (lungs or intestines). The pulmonary form is 
brought about by the inhalation of dust impregnated with anthrax 

preg 

bacilli, and is usually seen among the woolsorters, hence the term 
“woolsorter’s disease.” The intestinal form is produced by the 
ingestion, usually, of the spores, which are greatly resistant. It is 
reasonable to assume that the bacteria make their entrance by the 
contaminated hands to the mouth. The external type, fortunately, 
is the most common. ‘This is also divided into the solitary lesion 
spoken of as the “malignant pustule” and the more diffuse or 
“malignant edema form.” The latter form is usually an indication 
of poor resistance. 

In our series of cases all were of the external type. One case, in 
addition to the malignant edema form, also had the pulmonary 
type with bacteremia. The most common sites for the malignant 
pustule is on the exposed parts of the body. They are, in order of 
frequency, face, neck, forearm, arm. 

LocaTION OF LESION. 
Face 
Neck 
Forearms 
Wrist . 
Arms 


Total 


19 
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A. Battista reports a case in which the lesion was on the penis. 

SyMPTOMATOLOGY. The symptoms, of course, depend on the 
type present. The incubation period is given as 1 to 3 days. This 
may be much shorter in the internal type or much longer in the 
external. The first sign of the malignant pustule is a small papule, . 
resembling a mosquito bite. It is accompanied by itching and 
burning. In 24 hours a small flat vesicle develops with some redness 
and swelling around it. The vesicle then ruptures exuding a thin, 
yellowish serum. By the fourth day, a black scab or eschar occupies 
the place of the vesicle; the edema is more marked and present for 
a considerable area around the lesion. The eschar is very thick and 
firmly adherent to the lesion: surrounding this may be seen minute 
vesicles. If the scab be raised some pus may be seen. Most of 
our cases were seen in this stage. Only 2 cases were admitted in the 
arly stage, on the second day of the disease, 3 on the third day, 
7 on the fourth, 3 on the fifth, 3 on the sixth, and 1 on the tenth day. 
This gives an average of 4.4 days on admission, and corresponds to 
the usual anthrax lesion as is commonly seen on admission to this 
hospital. The lesion varies in size from a 10-cent to a 25-cent piece 
and is usually solitary. However, cases have been reported where 
more than one lesion existed in the same patient. As a rule it is 
free from pain, and in this way may be of help in differentiating it 
from furuncle and carbuncle. The scab remains for about 15 days. 
In our series the average number of hospital days was 17.7, the 
shortest being 12 days and the longest 42 days. 

Hospirat Days. 
Average day of disease on admission . . . . . . . 4.4 days 
Average hospital days . ....... . . . . 14.7 days 


Shortest number of days 
Longest number of days . 


The malignant edema form is usually seen on the neck and chest, 
and the mucosa of the mouth, tongue and eyelid. There is a con- 
siderable amount of infiltration and edema of the skin. It is very 
red and at times definitely purple in color. Scattered over this 
extensive purplish induration may be found vesicles which vary in 
size from a pea to a walnut. 

The symptoms of the internal type are referable to the pulmonary 
and intestinal tracts. In the pulmonary form there is pain in the 
chest, cough, expectoration of bloody sputum and cyanosis. In 
the intestinal form there is abdominal pain, nausea, vomiting and 
diarrhea. The constitutional symptoms are more severe in the 
internal types, and in cases with a positive blood stream infection. 
In the external type without blood stream infection the temperature 
seldom reaches 103° F. Only 3 of our cases had a temperature of 
103° F. on admission, 1 of which also had a positive blood stream 
infection. Seven of our cases had a normal temperature, the others 


ranged between 99.2° and 102.4° F, 
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TREATMENT. The treatment of anthrax has had many variations 
since its inception. Originally the attention of physicians was 
attracted by the local lesion and therefore all treatment instituted 
tended to destroy the lesion. Fortunately, anthrax remains a local 
disease for a long time after its onset, thereby offering good possi- 
bilities under proper treatment. Every known corrosive and anti- 
septic of strength has been applied in order that the lesion might 
be destroyed; this not proving satisfactory, removal of the lesion 
by the aid of the knife or cautery was practised. In most cases more 
harm was done by this method, since Nature’s barrier of protection 
was destroyed, and the infection was disseminated into the sur- 
rounding tissues. 

With the introduction of the antianthrax serum by Marchoux in 
France in 1895, and Sclavo in Italy in 1903, a new field of treatment 
was opened. Sclavo himself reported the reduction of the mortality 
from 24 per cent to 6 per cent in his country. This serum was later 
modified by Sobernheim, Detre, Ascoli,? and in this country was 
perfected by Eichhorn. All of our cases were treated with the 
antianthrax serum. In 1 case in which excision was done and 
serum given, the results were so discouraging that it has not been 
attempted since. The patient, a white male, aged 44 years, a fine 
specimen of manhood, had an anthrax lesion on the neck. In 24 
hours after the excision the edema was greater, in 48 hours it 
descended to the clavicles and spread to the opposite side of the neck, 
and for a time we feared that respirations might be embarrassed. 
As a result much larger doses of serum were necessary and much 
worry was experienced by the staff. However, the patient got 
well. Seven of our cases, in addition to the serum, were given 
intramuscular injections of mercury succinimide, beginning with 1? 
grains and decreasing the dose every other day, alternating with the 
serum. However, this was discontinued, for we did not feel that a 
great deal of benefit was derived from this adjunct. We, therefore, 
used the serum solely, as best fulfilling the ideals set forth by Dr. 
Regan:’ (1) Treatment must be applicable to the various forms 
and locations of the disease; (2) have the lowest mortality rate; 
(3) be specific as possible; (4) possess no danger of generalizing the 
local infection; (5) offer the least amount of scarring and deformity; 
(6) cause a minimum of pain; (7) entail the shortest absence from 
employment. 

Our dosage has been larger than is recommended in most text- 
books. We have practised the giving of one large dose repeated in 
24 hours if necessary, rather than the giving of smaller 8-hour doses. 
The giving of one dose every 24 hours is more satisfactory for all 
concerned. It will lessen the painful procedure of venous puncture 
to the patient, give less risk of accidents, and save time for the 
medical and nursing staffs. The routine procedure is as follows: 
After a thorough physical examination the lesion is cleansed with 
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normal saline and a culture and smear are made from it. It is 
necessary in cases where the scab is very adherent to elevate it to 
take material for examinations. A small vesicle may be ruptured 
and its secretion used for study. The flexor surface of the elbow 
is then cleansed and properly prepared for the taking of a blood © 
culture. It is better to use the opposite arm when the lesion is on 
the arm or forearm. The Wassermann needle is inserted and blood 
removed. The needle is left in situ and the warm antianthrax 
serum is allowed to run in slowly. The dose given is usually 150 ce. 
intravenously. In no case have we given less than 100 cc. nor more 
than 250 cc. as the initial dose. Serum is then injected locally. 
This depends on the location of the lesion. It would be impossible 
to inject serum locally where the lesion is on the eyelid or lip; but 
if on the neck, arm or forearm it can be given easily. The amount 
of serum locally injected in our cases ranged from 30 to 50 ce. 
Four points are selected in the different quadrants of a circle, 
making sure that the injection is fairly wide of the lesion, so that 
no infection is pushed into the surrounding tissue. For the next 
24 hours there will be noticed an increase of the edema surrounding 
the lesion; but in 48 hours this will begin to decrease, so that by 
the end of 7 days the edema and blisters will have cleared up and 
the black eschar only remains. 

AMOUNT OF SERUM GIVEN. 

Average amount 
Smallest amount 
Largest amount 
Average number of injections 


Largest number of injections . . . . . . 6 


The question of serum disease is practically negligible. Only 
1 of our patients developed a serum rash; and 4 patients developed 
chills immediately after or from 1 to 2 hours following the intra- 
venous use of the serum. These were easily handled by the giving 
of warm drinks, hot-water bags to the body, and adrenalin hypo- 
dermically. 

May I now give more in detail the report of 1 case presenting 
this extraordinary combination: external and internal (pulmonary) 
anthrax with bacteremia and recovery? 


Case Report. Case 1.—S. R., aged 63 years, male, white, a woolworker, 
was admitted to our Hospital December 7, 1929, extremely ill in the fourth 
day of his disease. His temperature was 103.8° F., pulse 110, respirations 32. 
He first noticed the appearance of a small pimple on the right wrist 3 days 
previous to admission. The lesion became larger and he noticed a beginning 
discoloration. He was treated in the dispensary of a general hospital. 
The lesion extended up the arm, a black scab formed. He had a slight fever 
for 2 to 3 days. 

His family history was negative. He had had tetanus in 1923. 

Physical Examination. A well developed but poorly nourished white 
adult, gray hair and beard. His face had an anxious and dusky appearance. 
His cheek bones were prominent and the temporal regions quite hollow. 
The temporal vessels were very tortuous. 
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Head and Neck. Scalp negative, ears negative, nose negative, tonsils 
small but diseased. Eyes, moderate arcus senilis. Teeth, poor condition, 
many missing. Neck, negative. 

His chest gave the signs of a moderate emphysema with some impairment 
to percussion at the bases and a few moist rales at both-bases. He expec- 
torated a grayish-white sputum but not blood-tinged. The right axillary 
nodes were enlarged. 

Heart. No visible cardiac impulse. The apex beat could be heard in 
the fifth interspace in the mid-clavicular line. There was no apparent 
enlargement, heart sounds of poor quality, rhythm irregular, at times 
suggestive of fibrillation, a pulse deficit was present. 

Abdomen. Negative. 

Extremities. Right upper extremity presented on the anterior surface 
of the wrist a lesion about the size of a 25-cent piece surrounded by an 
area of redness 3 inches in diameter, upon which could be seen many vesicles 
about the size of a pea, filled with a clear yellow sanguinous liquid. On top 
of the lesion, centrally located, could be seen a hard, adherent, thick, black 
scab or eschar. Leading toward the elbow could be seen a brawny edema 
extending upward one-half distance of elbow to the shoulder. The color 
at places was almost purple. The radial artery was very much sclerosed. 
The pulse irregular, poor volume and feeble. The lower extremities presented 
marked varicosities. ; 

Procedure. The patient was put to bed, culture and smear of lesion and 
blood culture were taken. One hundred and fifty cubic centimeters of 
serum were given intravenously and 50 ce. around the lesion. Shortly after 
the giving of serum the patient had a mild reaction: chill, temperature 
105.2° F. He was given 10 min. of adrenalin, hot-water bags to body, 
morphin sulphate, } gr. Patient was relieved. The following morning, 
December 8, 1929, he was very much improved. The temperature was 
100° F.; pulse, 70; and respiration, 32. 

One hundred and fifty cubic centimeters of serum were given intra- 
venously. To offset the possibility of an immediate serum reaction this was 
preceded by whisky, 1 ounce, and adrenalin 10 min. Patient had no 
reaction. On account of the irregularity of the heart, digalen, 15 min. 
every 4 hours for 2 days was given. It must be remembered that although 
the pulse rate was 70 per minute, the heart rate was 110 per minute, the 
temperature was 103° F. On the morning of December 9, 1929, 130 ce. 
of serum were given intravenously and again preceded by whisky and 
adrenalin. One hundred and fifty cubic centimeters were to have been given 
but 20 ec. were lost during the operation. The temperature showed a very 
definite decline so that by the morning of December 10, 1929, it was 99.6° F. 
The patient felt better. Edema of the arm remained the same. At 9 P.M. 
he complained of pain in the right hand and discomfort in the chest. He 
expectorated a mucopurulent sputum which was blood-tinged. The tem- 
perature remained the same. The sputum was found positive for anthrax 
bacillus. The next morning the temperature was 103° F., pulse 50 per 
minute. He complained of pain in the chest. A pleural friction rib was 
found at the level of the sixth rib in the right posterior axillary line, many 
crepitant rales could be heard throughout the right base. His color was 
cyanotic and we were much alarmed. One hundred and fifty cubic centi- 
meters of serum were given intravenously preceded by whisky and adrenalin. 
Tincture of digitalis, 20 min. t. i. d.; quinin sulphate, 5 gr. daily; morphin 
sulphate, } gr. to control pain and as a sedative. The next morning the 
temperature was 99° F. The patient was given 150 cc. more of serum. 
Edema of the hand was very definitely less and lesion was drying. The 
serum was then discontinued. The patient was much improved, more 
comfortable, his chest condition clearer, and had a normal temperature 
until December 15, 1929, when he again had a rise of temperature (99° F.) 
and a blood-tinged sputum. One hundred and fifty cubic centimeters of 
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serum were again given. Trom this day on the patient made a rapid 
recovery. The temperature was normal and the pulse ranged between 
70 and 80 per minute. On December 23, 1929, digitalis was discontinued. 
He was allowed up in a chair and the lesion was rapidly disappearing. He 
was discharged January 18, 1930. 

Laboratory Studies. Urine showed a faint cloud of albumin and occasional. 
white blood cells. Culture of lesion, culture of blood and smear from the 
lesion were positive for anthrax. The sputum was positive from December 
11 to December 15, 1929. Blood culture and smear from lesion were 
negative on December 11, 1929. 

The total amount of antianthrax serum given this case was 930 cc. 

The treatment of anthrax would not be complete without a word 
as to the other remedies which are now in vogue. Krouse,° of 
Argentina, reports the treatment of 200 cases in which the mortality 
was 0.5 per cent. His treatment consisted in the use of normal 
beef serum. The bacteriophage of D’Herelle has been used with 
good results by Villega Ruiz.° Adrianus Pijper'! reports the use 
of neoarsphenamin in 40 cases without a single death. He states 
that the anthrax patient can stand large doses of arsenic. His 
initial dose is 0.9 gm. and repeated the next day. Usually three 
doses only are required. 

Conclusion. 1. In our experience large 24-hour doses of anti- 
anthrax serum given early, and as often as is necessary, will cure 
most cases. 

2. The lesion itself should not be molested; but the local injection 
of serum is to be practised when possible. 

3. Our experience with other forms of treatment is very scanty, 
but neoarsphenamin has apparently given good results. 

4. In 19 cases, including 1 with pulmonary infection and bacter- 
emia, this has been uniformly successful. 

5. We prefer to give a large intravenous dose (100 to 250 cc.), 
repeating in 24 hours as necessary, followed by local injections of 
30 to 50 ce. Our cases received an average of 500 ec. (extremes, 
200 to 1050 cc.) in from one to six injections. 
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In presenting additional case reports of patients with pregnancy 
and diabetes, it seems useful to include with them a review of the 
literature since insulin has come into common use. Since the 
question of the effect of pregnancy upon diabetes is still contro- 
versial, we were particularly interested in analyzing case histories 
from that standpoint. In the selection of this material from the 
literature we have chosen only such data that seemed adequate for 


this type of study. 

The position of the physician relative to pregnancy in the diabetic 
patient, either when present or premeditated, is a difficult one. 
Diabetes may endanger both the life of the mother and the child, 
even in spite of careful medical management. The diet, insulin 
dosage, body weight of the mother and the presence of hypergly- 
cemia or hypoglycemia during pregnancy demands especial atten- 
tion and constant watching. The woman often asks, “Will my 
child be a diabetic or will it be liable to develop diabetes?’ There 
seems to be no evidence as yet that the children of diabetic mothers 
are more liable to diabetes, although a few isolated instances have 
appeared in the literature. 


Case Reports. Case 1.—Mrs. E. H., a multipara, aged 39 years, was ad- 
mitted to the hospital on November 25, 1929, because of pregnancy (3 months) 
and sugar in the urine which had been discovered during a pregnancy which 
had occurred in 1928. Diabetes mellitus had been considered to be the cause 
of the glycosuria and was readily controlled by dietary restriction. She 
passed through a normal pregnancy and puerperium. She remained on a 
‘somewhat restricted diet’’ and was in good health until April, 1929, when 
she noticed fatigue and loss of weight. Her last menstrual period was in 
August, 1929. Upon admission she stated that her diet had been rather 
low over a period of months, her urine was free of sugar and a fasting blood 
sugar was 125mg. On the first day in the hospital she was given a diet of 
120 gm. carbohydrate, 60 gm. protein and 130 gm. fat, which promptly 
brought on glycosuria—40 gm. in the first 24 hours. The diet was then 
reduced to 100 gm. carbohydrate and 18 units of insulin were given daily. 
She was discharged from the hospital with a diet of 120 gm. carbohydrate, 
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75 gm. protein and 135 gm. fat with 26 units of insulin daily. Her urine 
was sugar free, except for an occasional trace, and her blood sugar during 
digestion was 179 mg. Two weeks afterWischarge to the care of her home 
physician the pregnancy was terminated. Soon after this mild insulin 
reactions occurred and the insulin dosage was gradually reduced to 8 or 
10 units daily. She had remained well and the diabetes has been kept in. 
control since. 


Comment. One cannot be certain about the effect of pregnancy 
on tolerance, but there does appear to be a lessened insulin require- 
ment after the termination of pregnancy. 


Case 2.—Mrs. D. B., aged 21 years, was admitted to the hospital, 
February 9, 1927, because of thirst, craving appetite and loss of weight, 
which had been present only a month. Her blood sugar was 620 mg. per 
100 ce. and the urine showed moderated ketosis. She remained under 
hospital supervision for 10 days. The glycosuria and hyperglycemia 
responded rapidly to treatment with a diet of 50 gm. carbohydrate, 60 gm. 
protein and 130 gm. fat with 20 units of insulin daily. She was discharged 
with a diet of 75 gm. carbohydrate, 60 gm. protein and 150 gm. fat and 
20 units of insulin daily. During the next six months she was seen several 
times; her diet was gradually increased to 105 gm. carbohydrate and the 
insulin was reduced to 16 units. By July her weight had increased from 
100 to 111 pounds. She was not seen again until March, 1930, when she 
announced that she was 3 months pregnant and that in order to keep her 
urine sugar free, since the inception of pregnancy, it had been necessary to 
inerease the insulin 27 units daily. Her fasting blood sugar was 98 mg. 
and the urine gave a negative Benedict test. She has not been seen by us 
since that time. In November, 1930, she wrote the following letter: ‘My 
baby was born September 6. It weighed 8 pounds and 3 ounces. I came 
through my pregnancy in fine shape, but had to double my insulin to keep 
my urine sugar free. After the baby’s birth I decreased my insulin to 
20 units daily and was able to eat more on that amount of insulin than 
previously. However, since I have stopped nursing the baby I find that I 

cannot take as much food without having sugar in the urine. I weigh the 
same as I did before pregnancy. I am watching the urine very closely.”’ 


Comment. Although this patient was not under hospital super- 
vision during the pregnancy and puerperium, it would seem that 
her observations were fairly accurate and the happy outcome 
indicates that she watched her own management very strictly. 
Pregnancy in this case probably reduced the patient’s tolerance 
while the lactating period increased it. 


Case 3.—Mrs. B. F., aged 23 years, was admitted to the hospital, April 
30, 1928. She stated that she had no complaint at this time, but that on 
February 20, 1928, she had given birth to a full-term, dead baby; that 
when she was 6 to 7 months pregnant she developed extreme thirst, passed 
a great deal of urine and had to get up frequently at night to void. Her 
physician had said that her blood sugar was high and that her diabetes 
should be studied in the hospital. Upon admission sugar was found in the 
urine and the fasting blood sugar was 225mg. On a test diet of 1700 calor- 
ies she excreted about 30 gm. glucose. She remained under observation for 
8 days, when she was discharged with a diet of 80 gm. carbohydrate, 60 gm. 
protein and 130 gm. fat and 23 units of insulin daily. Her diabetes was 
well controlled. She then visited the outpatient department frequently 
and proved to be very coéperative. Her diet was increased to 95 gm. 
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carbohydrate and the insulin reduced to 16 units. During 1928 she had 
amenorrhea from June to November without evidence of pregnancy. In 
April, 1929, her menstruation again ceased, and two months later preg- 
nancy was diagnosed. She visited the outpatient department regularly, 
and remained in excellent condition. Her urine was always free of sugar, 
and the digestive blood sugar was usually under 150 mg. The diet and 
insulin dosage remained constant, and it was not until the sixth month 
that she began to gain weight—105 to 116 pounds at full term. She was 
delivered at home by her family physician, February 7. Her baby weighed 
5} pounds and thrived. She visited us in March, when we found her urine 
to be free of sugar, blood sugar 163 mg. during digestion and weight 103 
pounds. She then stated that it had been necessary to reduce the insulin 
from 16 to 10 units daily since delivery because of mild reactions. Her 
program has not been changed for a year and she has remained well. 


Comment. In this case pregnancy did not exert any striking 
change in the insulin requirement; however, since delivery she is 
able to get along with 6 units of insulin less. It is to be noted that 
there was very little change in her body weight and that her baby 
was small. 


Case 4.—Mrs. M. B., aged 25 years, was first seen in January, 1927, 
because of thirst and loss of weight, which had been present 1 month. 
Diabetes mellitus was diagnosed because of fasting hyperglycemia and 
glycosuria. She was started with a low diet—50 gm. carbohydrate, 60 gm. 
protein and 130 gm. fat—and because sugar was excreted in significant 
traces, it was increased very gradually in spite of the normal fasting blood 
sugar. By April she was taking 90 gm. of carbohydrate and 170 gm. of 
fat. Her fasting blood sugar remained normal but slight glycosuria 
persisted. Her weight, which had been 137 pounds, dropped to 127 pounds 
in the course of 4 months’ treatment. In June, because of hyperglycemia, 
glycosuria and further loss of weight and strength, insulin was started— 
5 units before breakfast. During the next year the insulin dosage was 
gradually increased until she was taking 60 units daily in order to control 
glycosuria. During this period she regained her weight, whereupon the 
diet was reduced to 130 gm. fat and the insulin dosage gradually lessened 
to 36 to 40 units daily, which seemed to be minimum amount which would 
keep her urine sugar free. Her blood sugar taken at about 11 A.M. was 
usually about 100 mg., and she at times experienced mild insulin reactions. 
In April, 1929, her menstruation ceased, and morning sickness appeared in 
May. Beginning with the fifth month of pregnancy, it became necessary 
to increase the insulin because of heavy, persistent glycosuria, and by 
October she was taking 122 units daily. In December, just before delivery, 
138 units were being taken. She remained in excellent clinical condition; 
her weight increased from 140 to 163 pounds during the pregnancy. She 
was delivered without difficulty at 4 a.m. on December 22, with chloroform 
anesthesia; at 6 A.M. she complained of being very hungry and was given 
100 ec. of orange juice. Two hours later her blood sugar was 87 mg. 
The diet remained the same, but the insulin dosage was sharply reduced 
from 138 to 84 units daily. In spite of this she had very severe insulin 
reactions during the next three days, even though the insulin had been 
further reduced to 60 units. The diet was then increased to 110 gm. car- 
bohydrate and the insulin reduced to 50 units daily. After her return 
home she found it necessary to further reduce the dose to 38 units daily 
in order to eliminate reactions. In March, 1931, her fasting blood sugar 
was 134 mg.; during digestion, 161 mg.; weight, 144 pounds. Her present 
diet is 110 gm. carbohydrate, 60 gm. protein and 90 gm. fat. Insulin 
dosage, 38 units daily. 
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Comment. ‘This patient has true diabetes mellitus, apparently 
with a lower renal threshold than is usually seen. She exhibited 
a remarkable tolerance for insulin during pregnancy; possibly she 
would have done just as well if mild, persistent glycosuria had been 
permitted. Immediately after delivery her insulin requirement. 
dropped at least 60 per cent and she had severe insulin reactions 
which she had not experienced during pregnancy. 


Case 5.—Mrs. E. F., aged 26 years, was first admitted in November, 
1927. She had had symptoms referable to diabetes for about a year 
and had lost 75 pounds in weight. She was in diabetic coma, but 
responded very rapidly to treatment. She stated that she had menstruated 
but twice in her life—a little more than a year ago—and that these periods 
were very scant. She presented a rather extreme degree of male hair 
distribution and had an extensive furuncular infection in the anogenital 
region. Her weight was 163 pounds. Upon discharge, two weeks later, 
her urine was sugar free, blood sugar during digestion 146 mg. and she was 
instructed to take 50 units of insulin daily. She was not seen again until 
February, 1929, when she was readmitted in a state of impending coma, 
with infection of the skin in the anogenital region. Insulin had been taken 
rather irregularly since discharge a year ago and none had been taken during 
the past month. She was discharged in good condition 2 weeks later with 
about the same insulin-diet program as previously. Nothing was heard 
from her until October 2, 1929, when she was admitted on the obstetrical 
service, 5 months pregnant. The management of her diabetes had been 
irregular, but the insulin in varying dosages had been continued and she 
apparently had been having severe reactions, which she had never had 
before. The diet, 100 gm. carbohydrate with 1700 calories, was continued, 
and she was discharged 4 days later, taking 40 units of insulin daily. Three 
days later she was again admitted, unconscious. The diagnosis seemed 
uncertain, but as she regained consciousness after the use of glucose procto- 
clysis, it may reasonably be assumed that she was in a state of insulin coma. 
The dosage was then reduced to 25 units. This patient was not seen 
again until January 28, 1930, when she entered the hospital in impending 
coma. We afterward learned that food and*insulin had been stopped 
2 days prior to admission because several teeth had been removed. Prior 
to this she had continued to have insulin reactions and was often uncon- 
scious. She had been vomiting and had had epigastric pain for 24 hours. 
The first examination showed moderate hyperpnea, evidences of dehydra- 
tion and a subconscious state. Her blood sugar was 358 mg. and the CO, 
capacity of the plasma was 11 vol. per cent. The leukocytes were 26,000, 
with 89 per cent polymorphonuclears. Her pregnancy was at full term or 
nearly so. The fetal heart sounds were faintly audible. Immediately upon 
admission she received 30 units of insulin and 500 cc. of 5 per cent glucose 
subcutaneously. After this a Cesarean section was done under light ether 
anesthesia in an attempt to save the child. There was considerable amni- 
otic fluid. The baby was cyanotic and was resuscitated with difficulty, and 
lived only a few hours. The mother was treated as a case of diabetic coma 
and had a rather stormy period of several days. On the sixth day she 
was able to take a regular diabetic diet of 90 gm. carbohydrate, 70 gm. 
protein and 100 gm. fat, but it required 70 units of insulin daily to keep the 
urine in most of the specimens free of sugar. She was discharged in good 
condition 2 weeks after admission, taking 60 units of insulin. Believing 
that we would not see the patient again until she encountered further 
difficulties, we advised her to reduce gradually the insulin dosage as long 
as her urine remained fairly free of sugar. We have not heard from the 
patient since. 
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Comment. We had opportunity to observe this patient before, 
during and for a short time after pregnancy. It would appear 
that her insulin requirement was considerably less during the later 
months of pregnancy, and even though the insulin dose was sharply 
reduced she continued to manifest sensitivity to it. ‘The complete 
withdrawal of insulin at the eighth month for 2 days caused diabetic 
coma. 

The data obtained from the literature review were so voluminous 
that it seemed practical to present here only a condensed form. 
The following data include our own cases: 


TABLE 1.—DaTa ON DIABETES AND PREGNANCY. 


Total number of pregnancies 
Total number of patients 
Patients requiring insulin continuously 
Maternal mortality 
Causes of maternal death, each 1 case: diabetic coma at term; diabetic 
coma with toxemia of pregnancy; death occurred suddenly 4 days 
postpartum, unexplained; insulin shock, 5 days postpartum; eclampsia; 
sepsis following gangrene of the arm. 
Total number of living children eat . 46 (63° 
Total number of fetal deaths ; 27 
Stillbirths, at term tase . 13 (50% 
Spontaneous abortions and premature births aa 10 (35¢ 
Therapeutic abortions . 
Diabetes developing or discovered during pregnancy y 
Instances of diabetic coma developing during pregnancy 
Instances of acidosis or coma associated with fetal death 


Case reports which could be analyzed with regard to the following data . 

Patients who required more insulin during pregnancy 

Patients who required more strict diets during pregnancy . 

Patients requiring more insulin during pregnancy and less during the 
puerperium 

Patients requiring the same amount of insulin during the pregnancy but 
less in the puerperium 

Patients requiring more insulin during both pregnancy and puerpe rium 

Patients requiring less insulin during pregnancy 

Patients, not insulin treated, but showing a higher tolerance la ate in pre g- 

nancy 

Patients requiring less insulin during the pregns ancy but more ‘during the 
puerperium ; 

Patients requiring less insulin both during the pregn: ancy and pue rpe rium 


Weight of babies at full term (in many case reports this is not given) : 
Between 7 and 10 pounds ; ; 19 


2 


Over 10 pounds (2 were 13 pounds) eh _— : 3 

* Only 1 case was found in which the mother had extreme acidosis and the child 

lived. The disparity between the 2 figures is because 1 case reported only as “‘acidosis”’ 
is not included as a coma case; the child was lost in that instance. 


Discussion. In making this statistical study of the available 
literature we have selected only those reports which included fairly 
complete data. In the majority of instances the publications have 
been made by physicians whose interest was in internal medicine 
and not in obstetrics. Therefore, we may reasonably assume that 
patients in this series have, for the most part, had the benefit of 


43 
28 
20 
1 
5 
10 
3 
6 
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experienced management and represent a cross section of patients 
with pregnancy and diabetes as they occur in our well-equipped 
hospitals and clinics. 

Maternal Mortality. Unfortunately we have not found any large 
series of case reports concerning the maternal mortality before the, 
insulin period. Hirschfeld,! however, estimated this at 50 per cent, 
and Williams? in his 66 patients reported that 27 per cent died 
during delivery or soon after. Also, diabetic patients frequently 
became sterile, so the relative incidence of pregnancy in diabetics 
was then not as great. The mortality of the mothers in this col- 
lection of cases during the insulin era is 9 per cent, which from the 
standpoint of the obstetrician is still high. However, as one scans 
the causes of death it will be seen that a number of them were 
accidents and could probably have been prevented if the proper 
relationship between the patient and her physicians had existed. 

Infant Mortality. We were also not able to find any extensive 
statistics of the effect of diabetes on the fetus. Joslin’s® series con- 
tains 89 cases from 1898 to 1928. We assume that the majority 
of these occurred before insulin was used. Of these there were 
42 living children, 14 stillbirths, 13 miscarriages and 6 therapeutic 
abortions. Both Williams and DeLee,‘ in the older editions of 
their books, state that the fetal mortality was about 66 per cent. 
In the present insulin group the fetus had a better chance for 
survival, as 63 per cent of the pregnancies resulted in living children. 
This, however, from the viewpoint of the obstetrician is high. The 
stillbirths at term are responsible for 50 per cent of fetal deaths. 
It seems very probable to us that acidosis is in a large measure 
responsible for fetal deaths, as but 1 patient in the entire group who 
had coma gave birth to a living child and she was delivered rather 
promptly after admission by Cesarean sectton. Mild acidosis may 
be sufficient to kill the fetus when coma is not produced in the 
mother. One of our patients had 2 miscarriages several days after 
attacks of pre-coma. 

Weight of the Fetus. The average we ight of 37 full-term fetuses, 
those whose weights were obtainable, was 7.93 pounds, whereas the 
average weight of the normal baby at birth is 7.25 pounds. This 
is in accord with previous statements, that the weight of babies of 
diabetic mothers had a tendency to be greater than the average 
normal. 

The Effect of Pregnancy on Diabetes. The average diabetic woman 
during pregnancy is probably under closer supervision by her 
physicians and by herself than she is at other times, and possibly 
under such circumstances it might be expected that her diabetes 
would show improvement. However, it has been our experience 
that there usually is a decreased tolerance during that period; 
others have felt that tolerance is considerably improved. One of 
our patients (Case 5) did show quite striking sensitivity to insulin 


| 
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in the latter part of pregnancy. From the literature we were able to 
select 43 case reports which could be analyzed with regard to the 
effect of the pregnancy on diabetes. Of these 70 per cent seemed 
to show the equivalent of a reduction of tolerance, ¢. e., the insulin 
had to be increased or the diet had to be reduced. In the majority 
of these the insulin had to be reduced or the diet increased during the 
puerperium. This change of insulin requirement is most strikingly 
demonstrated in Case 4 of this series where the insulin dosage was 
increased from 40 to 138 units daily during pregnancy without the 
occurrence of reactions, then reduced after delivery to 84 units 
and finally back to the original 40 units daily before insulin reactions 
ceased. We have attempted to correlate increased insulin require- 
ment with increased weight of both the mother and the baby, but 
could find no satisfactory relationship. It then appears to us that 
clinical observation supports the view that there is an increased 
insulin demand during pregnancy for which there is no adequate 
explanation. Possibly pregnancy produces a metabolic or hormonic 
anti-insulin substance. This view receives further substantiation 
in the following observations: 

1. Before insulin pregnancy carried with it a very high mortality 
rate in the diabetic. 

2. Joslin and White report that 33 of their 89 pregnancy diabetic 
patients developed diabetes during pregnancy. In this series dia- 
betes was discovered or developed in but 18 of the 66 patients during 
pregnancy. 

3. Coma, which is usually the result of temporary diminution of 
tolerance, developed in 18 per cent of the patients in this series, 
usually near the end of pregnancy. 

It has been difficult to reconcile these clinical observations with 
the experiments of Carlson® and his coworkers whose work has been 
so generally referred to. In 1923 Simon, Stulz and Aron® repeated 
these experiments and also concluded that the placenta was prob- 
ably permeable to insulin and that the insulin from the fetuses 
protected the mother. Aron’ later on, however, by the use of 
insulin injections reached the opinion that insulin was not passed 
through the placenta. The experiment of Macleod® is of great 
interest in that it conforms to some clinical observations. He 
allowed a depancreatized bitch that was on a standardized insulin- 
diet program to become pregnant. Hyperglycemia and glycosuria 
continued throughout gestation, but there was no remarkable 
increase of glucose excretion. Unfortunately, he does not state 
the sugar excretion for but a few days before impregnation. The 
day following the birth of the pups the mother had an insulin 
reaction and her blood sugar was found to be 67 mg. Her glucose 
excretion dropped from between 30 and 50 gm. daily to less than 
5 gm. during the time she was suckling her young. The experi- 
mental observations of Britton’ on the maternal and fetal blood 
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sugar changes are also in keeping with our clinical observations. 
In one case a cat gave birth to four kittens during severe hypo- 
glycemia with no symptoms of a hypoglycemic reaction. The same 
dosage of insulin produced convulsions a few weeks later. He felt 
that his study indicated that the blood sugar of the fetus was. 
adjusted to emergency conditions that might be imposed on the 
mother. Schlossman" has recently reported experiments of anesthe- 
tized pregnant dogs and cats which were immersed in warm salt solu- 
tion, the uterus opened and the fetuses delivered into the solution, 
leaving the placental circulation intact. Some of the fetuses were 
injected with large amounts of insulin (40 to 80 units) either intra- 
peritoneally or into the umbilical artery. ‘The mother’s blood sugar 
was lowered very slightly as compared with the intravenous injection 
of one-tenth the amount of insulin that was injected into the fetuses. 
The maternal blood sugar was found to rise slightly after the death 
or the detachment of the fetuses. The blood sugar of the fetuses was 
at a hypoglycemic level at the end of 4 or 6 hours. He concludes that 
the placenta of the dog and cat are impermeable to insulin and that 
the slight lowering of the mothers’ blood sugar was due to the utiliza- 
tion of the mothers’ glucose by the fetuses. Relative to the point of 
the possible effect of the fetal insulin on the mother’s metabolism, 
or vice versa, we have found instances of hypertrophic islands of 
Langerhans in the fetuses of diabetic women—the case reported by 
Gray and Feemster,!' in one by Dubreuil and Anderodias," the 
one by Wiener” and our Case 5. Of these 2 had an improved 
tolerance during pregnancy, 1 required more insulin and on the 
other the data were not sufficient. 

It would seem then that the whole subject of carbohydrate 
metabolism during pregnancy is exceedingly complex and that there 
are no general rules to guide one, except tliat each patient must be 
treated individually with the reasonable expectation that her insulin 
requirement during pregnancy will increase. Also, it seems wise to 
reduce the insulin during the puerperium, especially if it has been 
markedly increased during the pregnancy. Lactation, with its 
diversion of 20 to 30 gm. of glucose daily in the form of lactose, may 
quite likely contribute to this phenomenon. 

Summary. 1. Insulin as it is used today has markedly lowered 
the mortality rate of the pregnant diabetic woman and considerably 
enhanced the chances of preserving the life of the baby. Both of 
these improvements, however, are far from the obstetrical ideal. 

2. The greatest danger for both the mother and the child is 
acidosis and coma. 

3. There seems to be a great variability of tolerance and insulin 
requirement during both the pregnancy and the puerperium. The 
nature of this is without adequate explanation. The clinical evi- 
dence supports the view that pregnancy increases the severity of the 
diabetes, at least temporarily, in the majority of instances. 


MARBLE: RENAL GLYCOSURIA 


BIBLIOGRAPHY. 


1. Hirschfeld, F.: Schwangerschaft und Zuckerkrankheit, Berl. klin. Wehnschr., 
1910, No. 23, quoted by Umber and Rosenberg. 
2. Williams, J. W.: Obstetrics, New York, D. Appleton & Co., 1924. 

3. Joslin, E. P.: Treatment of Diabetes Mellitus, Philadelphia, Lea & Febiger, 
1928, p. 861. 

4. DeLee, Joseph B.: The Principles and Practice of Obstetrics, Philadelphia, 
W. B. Saunders Company, 1913. 

5. Carlson, A and Ginsburg, H.: Am. J. Physiol., 1916, 36, 217. 

6. Simon, R., Stulz, E., and Aron, M.: Compt. rend. des seances de la Soc. 
biol., 1923, 89, 371. 

7. Aron, M.: Arch. Internat. Phys., 1924, 22, 273. 

8. Macleod, J. J. R.: Carbohydrate Metabolism and Insulin, London, Long- 
mans, Green & Co., Ltd., 1926, p. 83. 

9. Britton, S. W.: Maternal and Fetal Blaod Sugar Changes Under Various 
Experimental Conditions, Am. J. Physiol., 1930, 95, 178. 

10. Schlossman, H.: Beitriige zur Biologie der Plazenta, Arch. f. exp. Pathol. 
u. Pharmakol., 1931, 159, 213. 

11. Gray, 8. H., and Feemster, L. C.: Compensatory Hypertrophy and Hyper- 
plasia of the Islands of Langerhans in the Pancreas of a Child Born of a Diabetic 
Mother, Arch. Path. and Lab. Med., 1926, 1, 348. 

12. Wiener, H. J.: Diabetes Mellitus and Pregnancy, Am. J. Obst. and Gynec., 
1924, 7, 710. 

13. Dubreuil, G., and Anderodias, J.: DIlots de Langerhans géant chez un nouveau 
ne issu de mére glycosurique, Compt. rend. Soc. de biol., 1920, 83, 1490. 


BIBLIOGRAPHY NOT SPECIFICALLY QUOTED. 


Wilder, R. M., and Parsons, E.: Treatment of Diahetes During Pregnancy 
Colorado Med., 1928, 25, 372. Lambie, C. G.: Diabetes and Pregnancy, J. Obst. 
and Gynec., 1926, 33, 563.* 

Bowcock, H., and MeCord, J. R.: J. Am. Med. Assn., 1930, 94, 1917. 

Dill, G. M., and Dill, A. V.: Brit. Med. J., 1929, 1, 644. 

Holzbach, E.: Zentralbl. f. Gynik., 1929, 53, 641. 

Jorgensen, A.: Acta path. et microbiol. seand., 1930, suppl. IIT, p. 209. 

Lawrence, R. D.: Quart. J. Med., 1929, 22, 141. 

Merkler, D.: Med. Klin., 1929, 38, 146s. 

Merriam, M.S8.: Am. J. Obst. and Gynec., 1929, 17, 684. 

Purjesz, B. V., and Liebmann, 8.: Med. Klin., 1929, 20, 789. 

Smith, K. 8., and Roques, F.: Brit. Med. J., 1929, 1, 66. 

Umber. F., and Rosenberg, M.: Zeitschr. f. klin. Med., 1928, 108, 33. 

*Additional literature since. 


RENAL GLYCOSURIA. 


By ALEXANDER MARBLE, M.D., 


BOSTON, MASS. 


(From the Joslin Diabetic Unit and the New England Deaconess Hospital. 


A RECENT critical analysis of 9000 consecutive cases of glycosuria 
observed by Dr. Elliott P. Joslin and associates, for the most part 
over a long term of years, has revealed only 15 cases of “renal 
glycosuria.” This low incidence merits further consideration and 
explanation as to the diagnostic standards used. 

Although more than 35 years ago Klemperer! and Lepine’® called 
attention to the occurrence in man of glycosuria without hyper- 
glycemia, there is still disagreement as to the clinical features 
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essential for the diagnosis of the condition known variously as renal 
diabetes, orthoglycemic glycosuria and renal glycosuria. In a 
complete review of the literature Hjirne* quotes Hatlehol as 
stating, in 1926, that he had seen “close upon”’ 100 cases of renal 
glycosuria. Falta‘ states that since 1922 he has seen 85 cases of | 
renal diabetes. Salomon,® Maclean® and Hjiirne* do not regard 
the condition as extremely uncommon. On the other hand, Rabino- 
witch’? and Fitz’ believe that it is very rare. The difference in 
reported experience depends probably to some extent on the personal 
interest of the individual clinician. Nevertheless, a review of the 
literature*:*:!° shows that the largest part of the difference is un- 
doubtedly due to varying diagnostic standards. Consequently, 
any discussion of the subject must be prefaced by a statement of 
criteria which have been used in selecting the cases reported. 

In the fourth edition of The Treatment of Diabetes Mellitus" 
Joslin recorded 47 cases of renal glycosuria in the first 6000 cases of 
glycosuria. In the next 3000 cases (to March, 1930) 19 more 
were so classified, making 66 in all. As a result of later observations 
and the recent study, these 66 cases have been regrouped as follows: 


“Typical” renal glycosuria 


“ Atypical”’ renal glycosuria 7 
Chronic (“‘essential’’) pentosuria . 2 
Renal glycosuria of pregnancy 6 
“Unclassified glycosuria’’ in which constant glycosuria has been 
Miscellaneous group, discarded for the present because of too 
short period of observation, insufficient data, etc. ee ase 


66 


Groups 1 and 2 are reported in some detail in the present paper. 
Group 3 is reported in the following article.’ Groups 4 and 
5 are dismissed because glycosuria was not permanent. It is 
probable that in Group 6, which is for the present discarded, there 
are certain cases of “typical” renal glycosuria. 

The finding of 2 cases of pentosuria illustrates well, as has been 
emphasized by Jones and Sussman," the clinical similarity of renal 
glycosuria and pentosuria. It shows the importance of attempts 
to identify. the type of sugar which is being excreted by patients 
with supposed renal glycosuria. * 

Diagnostic Criteria. The following standards were chosen arbi- 
trarily in the selection of the cases of “typical” renal glycosuria 
here reported. 

1. Glycosuria without hyperglycemia. Sugar should be found in 
every specimen of urine examined, whether it be voided in the 
fasting state or after a meal. The amount of sugar excreted per 
24 hours is of little importance; it may be large (over 100 gm.) or 
small (under 10 gm.). No fasting blood sugar value (venous) 


* Since this paper was completed an additional case of pentosuria (in a child) 
has been discovered. 


Cases. 
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may be 0.12 gm. per 100 ce. or over and no blood sugar value 
(venous) after a meal may be 0.17 gm. per 100 ce. or over. 

2. Glycosuria should be largely independent of diet, but may 
fluctuate somewhat, depending on the amount of carbohydrate 
ingested. 

3. The level of blood sugar should be influenced only slightly by 
the ingestion of food. The curve obtained after the giving of 
100 gm. of dextrose should be a normal one with no value rising to 
0.17 gm. per 100 cc. or over and with a return to the control value 
within 2 hours. Often the tolerance curve may exhibit even less 
than a normal rise. 

4, The symptomatology characteristic of diabetes mellitus should 
be absent. 

5. The type of sugar found in the urine should be proved to be 
dextrose and not levulose, pentose or other substances which reduce 
alkaline copper solutions. 

6. No progression toward true diabetes mellitus should be evident 
during an arbitrarily chosen period of at least 3 years of observation. 

7. For complete study it should be shown that the patient is 
able to store and utilize carbohydrate in a normal fashion as demon- 
strated by determinations of the respiratory quotient and metabol- 
ism before and after a carbohydrate meal. We have not carried 
out this desirable procedure. As Rabinowitch™ and Paullin® have 
shown, however, the mild diabetic under certain conditions may 
show no impairment by such tests, so that the method does not 
afford an absolutely reliable means of differentiating mild diabetes 
from nondiabetic glycosuria. 

8. A common finding,* which cannot, however, be regarded as a 
necessity for diagnosis, is the history of glycosuria occurring in the 
relatives of the patient. 

Methods Used. 1. Urinary Sugar. Practically all the qualitative 
tests were performed by Benedict’s method, although in a few of 
the earlier tests Fehling’s and Nylander’s reagents were used. The 
amount of sugar was determined in the earlier tests by the fermenta- 
tion method, by polariscope and by Benedict’s original method. 
Since 1922 all quantitative determinations have been carried out 
by Smith’s modification’ of Benedict’s method. 

2. Identification of Type of Urinary Sugar. Seliwanoff’s reaction 
for levulose and Tollen’s phloroglucinol test for pentose were used!” 
to exclude the presence of these sugars. The fermentation test was 
applied in the usual manner, using bakers’ veast and incubating 
in a saccharometer for 12 to 24 hours at 25° to 30° C. In every 
instance after allowing time for fermentation the Benedict test was 
repeated to assure the complete disappearance of reducing sub- 
stances. Ina few instances (see Table 1) the phenylhydrazine test'* 
was carried out and the osazones so formed identified under the 
microscope. In a few instances (see Table 1) after recrystallization 
the melting point of the crystals was determined. 
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TABLE 1.—CasE SUMMARIES OF 15 CaASEs 01 


Age of patient. Urinary sugar. 


Range. 


Glycosuria 
in 
family. 


Duration of glycosuria to date, years. 
Recorded urine 


Glycosuria first noted. 
Age, December, 1930. 


Low, per cent. 
High, per cent. 


When first seen. 


* 2 children 


Great-grand 
mother 


Mother; sister 


Brother 
Mother; father; 
3 pat. uncles 
Father; brother 


Mother; brother; 22 
sister 


Pat. uncle 


6708 | Sister 


Father 


Averages Hereditary 
and totals F- cases—11 
15 cases 


Mother; sister; 1 
| mat. aunt; 2 pat. 
great-aunts 
Sister of No. 1266 


4 
3158 ] Son 51.5 61.5 69.1 
3959 Sister 21.2 21.5 | 28.0 


20.6 22.3 27.4 


Averages M-3 Hereditary 
vnd totals F-4 cases—4 23.8 26.1/33.8| 10.0 
7 cases 


Last examination of urine. 


Albumin.t 
Sediment.§ 
Sugar, per cent. 
Pentose. 


a. Patients Wit 


Negative 
Negative 


Negative 
5-15 WBC; 
p.h.p.f. 
Negative 

Negative 
Negative 
Rare RBC; 
10-25 WBC; 
p-h.p.f. 

1-4 WBC; 
p-h.p.f. 
Negative 

Negative 
Rare WBC; 
p.h.p.f. 
Negative 
Negative 


3-5 WBC; 0.4 
p.h.p.f. 
99 


b. Patients W 
Negative 


Negative 
20-40 WBC; Tr. 
p.h.p.f. 

Rare WBC; 0.5 0 
p.h.p.f. | 

Rare WBC; 0.7 
p-h.p.f. 

5-10 WBC; 
p.h.p.f. 
Negative 0. 


0.6 


* All urine specimens listed above under “ Last Examination of Urine” (Fall, 1930) were obtained after an overnight fast 
except in Case 4025, in which the urine was voided 4 hour after lunch, and in Cases 2556, 3158 and 5094, in which 24-hour 
amount specimens were used. 

t Carbohydrate tolerance tests were performed after an overnight fast in all instances except as follows: Case 8357: 
1} hours after breakfast; Case 8834, 13 hours after lunch; Case 8885, 1 hour after breakfast. Blood sugar values in 
Fasting” column are, therefore, not fasting values. 


| 814 
Case 
| 2165 10.2 37.9 46.7 36.5 0.9 5.3) 44 0 Dee. 
2279 M | 17.8 17.9 27.3 9.5'0.2 6.4/ 55  O |Dee. | VST 40 0 0 
2768 F 16.7 26.0 34.4'17.7; Tr. | 3.3} 19 | | Nov. 12 0 0 
3618 16.3 16.4;23.3 7.0 0.3 0.8) 10 0 Dec. VS" 0.6 0 0 
4025 M 41.3 41.4 47.8 5.3| 20. | Sept. SPT 5.3 
4160 6.2, 6.2/12.3. 6.1,0.2/5.0| 24 | Dee. | VS" 5.0 0 0 
5745 M 15.5) 15.6/19.5; 4.0! 0.1/1.8] 18 0 | Dec. SPT 0.6 0 0 
6252 F 9 35.7 10 | | Dec. VST 0.4 0 0 
6314 28.1/28.1/31.3, 3.2; 0.3/1.4] 6, O | Dee. | VST 0.4 0 0 
4.8| 8.3 3.5/0.2) 3.8| 48 | O | Dec. | VST 2.7100 
6709 F Sister 6.4. 9.3) 3.7, 0.3/3.4] 46 | | Dec. 3.41010 
8356 M 33.8 43.6,44.8 11.0) Tr. | 0.5 6 0 | Dec. VSI Tr. |0 0 
| 8357 19.2 21.1 22.3 3.1 0.3 8 0 | Dec. VST 0.40 0 
8834 M 28.7 31.8 32.5 3.8 0.3 2.2 9 | Dec. VSI 0.5 0 0 
8885 M 27.7 | 37.8 38.6/10.9| 0.2; 2.8} 8 | O |Dec. |ST 0 0 
j 
ith 
1266 M 5.4 6.9 11.9 6.5 0.0 1.7 160 6 Sept. 0 
1919 
1612 F 10.5 | 12.8 | 0.0 | 1.7 |. 76 2 | Dec. | VST 0) 
2322 F 25.2 25.3 34.7, 9.5'0.0/2.0| 40) 5 |Jan. |VS 
1931 
8.9 0.01.0) 35 4 Nov. |VS 0 
i 17.6 0.0 1.8, 10) 1 Dee. |SP 0 
6.8 0.0! 2.0) 56 2 | Dec. | VS 
5094 6.8 0.0 1.2 17 2 Dec. ST 0 
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AND 7 Cases oF “ ATYPICAL’? RENAL GLYCOSURIA. 


Last exam. of urine.* Blood sugar. Carbohydrate tolerance tests f Present condition 
Highest record- Blood sugar 
ed values. values. 


After a Hours after 
meal. glucose. 


ydrazin test for 
s,°C 
100 ee 


Gm. per 


> 


Fermentation test. 
Melting point of osazone 
Fasting,gm. per 100 
Hours after. 

Test meal 

Fasting. 


=a 


Typical Re nal Glycosuria. 


208 1921 100 er. 0.07 0.10 0.09 0) Well Normal. 
glucose 

1921100 gm. 0.11 0.13 0.13 ).15 ec. 6 Well Normal. 
glucose 

1922 CsoPoFs 0.08 0.14 0.14 5 Well Normal. 

Well Normal. 


Well Normal. 
Well Normal. 


1927 100 gr. 0.11 0.08 8 Well Normal. 
glucose 


Well Normal. 


Well Normal. 


Well Normal. 
Well Normal. 
Well Normal. 


1929 100 gr. 0.07 0.11 0.10 0.09 g ‘airly Normal. 
glucose 

1930 100 gr. 0.14 0.15 0.12 1 § Fairly Normal. 
glucose 

1930 100 gr. 0.10 0.14 0.11 ve Normal. 
glucose 


Atypical Renal Glycosuria. 


8 0.10 0.15 Accidental death, March, 


1922. 


9 0.12 22 | i 1923 30 gm. 0.08 0).22 0.10 Sept. 100 Well Normal. 
glucose 
29 0.09 0.22 13 1921 100 gm. 0.07 0.12 0.11 0.09 Sept. 111 Well Normal. 


glucose 
26 «0.11 Nov. 144 Well Normal. 


5 0.07 CrPio 0.07 0.16 0.15 ec. 129 Well Normal. 


16 9 102. Well Normal. 


0.10 107 Well Normal. 


15) «640.10 0.18 


In test for albumin in urine the following symbols were used: SPT = slightest possible trace; VST = very slight trace; 
ST = slight trace. Tests designated as SPT and VST may be regarded as normal. 
§ In report of urinary sediment, WBC = white blood corpuscles, RBC = red blood corpuscles and p.h.p.f. = per high power 
field of microscope. 


815 
Ps 
4 
0 
4 0 4 
0 
13 0.08 0.09 1 
: 0 + 203 13 0.04 0.09 1 Sept. 75 
+ 0 5 0.13, 13 No. 12 yy 
4 0 + 3 0.09 14 Sept. 157 yy 
+ 0 + 21 0.12; 1 Sept. 62 
{ 0 + 20 0.16 13 Sept 63 
4 0 + 6 0.12 1 Dec. 172 
+ 0 + 7 P 0.14 1 
0 + 7} 4 
4 0 + 8 0.14 2 
11 0.08 0.13 
Se 
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3. Blood Sugar. Folin’s methods of blood sugar analysis were 
used throughout. For the most part, the method published in 
1920'!° was employed for the analysis of venous blood. Capillary 
blood sugar analyses reported in this paper were done by the micro- 
method of Folin and Malmros.”° 

Presentation of Data. In Table 1 the 22 patients are divided into 
two groups: 

1. Those with “typical” renal glycosuria, 15 in number. In 
the years of observation thus far since the discovery of glycosuria 
in these patients there has never been recorded a sugar-free specimen 
of urine nor an abnormal blood sugar. 

2. Those whose clinical behavior is typical of renal glycosuria, 
but whose urine on rare occasions has been found free from sugar or 
whose blood sugar has been found at times to be slightly above the 
the value regarded as normal in this clinic; there are 7 cases in this 
group. 

It is possible that time and more thorough study may relegate 
some cases from Group 1 to Group 2. Objection may be made 
that the division between the two groups is illogical since all 22 
patients are individuals with a low renal threshold for sugar and a 
benign type of glycosuria. Further objection may be made that 
under conditions of starvation or large insulin dosage”! sugar-free 
urine might be produced in patients in Group 1. However, we feel 
that for the purpose of future study it is worth while to put into 
one distinct group 15 patients who thus far fulfill the requirements 
set up for the diagnosis of renal glycosuria. 

I. Patients TypicaL RENAL GiycosuriA. In Table la 
are presented the outstanding features of the case histories in this 
group of 15 patients. All 15 of these patients are living. 

Sex. The almost equal distribution between the sexes differs 
from that in the group of 69 cases collected from the literature by 
Finley and Rabinowitch” in which 48 were males and 21 were 
females. 

Race. Two of the 15 patients are Hebrews. 

Heredity. In 11 instances (73 per cent) a family history of 
glycosuria was obtained. This striking factor of heredity has been 
mentioned repeatedly in the literature. In our series there are 
3 instances of true renal glycosuria occurring among brothers 
and sisters, as follows: (a) The brother of Case 4025 was con- 
sidered at the Peter Bent Brigham Hospital in Boston to have renal 
glycosuria; (b) Cases 6708 and 6709 are sisters; (c) the brother of 
Case 5745 appears to have typical renal glycosuria but is not 
included in this series because a recent urine analysis was not 
available. The father of these 2 boys is said to have had diabetes 
“in attacks.” 

The great grandmother of Case 2279 was said to have died of 
diabetes at the age of 77 years; obviously if she had true diabetes 


ry 
‘ 
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the disease was mild. The mother of Case 3618 is Joslin’s Case 
1980 and is listed as having “unclassified glycosuria.”” Case 4160 
has a striking family background of glycosuria. Four relatives are 
patients of Joslin (mother, Case 1470; father, Case 3598; 2 paternal 
uncles, Cases 2254 and 5019). These patients and another paternal 
uncle, not treated here, all have glycosuria which never has been 
proved to be diabetic. The mother, sister and brother of Case 
6252 are reported to have or to have had diabetes; the mother died 
in coma. Qne paternal uncle of Case 6314 is recorded as having 
diabetes. The father of Case 8885 had glycosuria which was noted 
after an injury. 

Accordingly, none of these patients have relatives who have been 
observed in this clinic to have had diabetes mellitus, although the 
evidence from other sources, as outlined above, strongly points to 
this, particularly in the instance of Case 6252. 

Age at Discovery of Glycosuria. The average age at which glyco- 
suria was first discovered was 19.9 years. The earliest age at 
which it was noted was in Case 6708 at 4.8 vears. Onset under 
10 vears was noted also in Cases 6709 and 4160. The onset was in 
6 instances in the second, in 4 instances in the third and in 1 
instance in the fourth and fifth decades. It is, indeed, striking 
that in 9 of the 15 cases urinary sugar was found first before the 
age of 20 years. Goldbloom™ reported a case in an infant, aged 
20 months, whose father also had renal glycosuria. The infant was 
observed only for 6 weeks, however, and the urine became sugar-free. 

Duration of Glycosuria. The average length of time from the 
discovery of glycosuria to December, 1930, was 9.3 years, with a 
range from 3 to 36 years. Relatively few cases of long duration 
of glycosuria are recorded in the literature. Case 1 of Finley and 
Rabinowitch” was studied carefully 29 years after the discovery 
of glycosuria, but apparently he was sugar-free for part of that 
time. Probably the first case reported in the American literature 
was that of Strouse and Beifeld.24 Sugar was found in the urine 
of their patient on November 6, 1912. On December 11, 1930, 
Strouse wrote us that this man is alive and in good health. A 
recent urine examination showed a trace (less than 0.2 per cent) of 
sugar. However, the rather high blood sugar values which at times 
have been obtained in the study of this patient would exclude him 
from the group of cases which we are reporting in this paper. His 
glycosuria apparently is benign, however. 

Symptoms. ‘Ten of the 15 patients have never complained of 
polyuria, polydipsia or loss of weight. Four patients (Cases 2165, 
4025, 4160, 6314) complained of polyuria, 3 (Cases 2165, 4160, 
6314) of polydipsia, 2 (Cases 2279 and 4160) of loss of weight and 
4 (Cases 4025, 4160, 6252, 6709) of easy fatigabilitv or weakness. 
These symptoms in most cases were recorded on the history as 
“slight.” No patient complained of polyphagia, pruritus or fur- 


| 
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unculosis. Since Case 4160 was only 6 years of age the symptoms 
as given may not have been accurate. 

Glycosuria. Of the 15 patients 13 have shown at one time or 
another 1 per cent or more sugar in the urine; 11 have shown at 
times 2 per cent or more. Case 2165 has excreted as high as 
110 gm. of sugar per 24 hours. Case 2279 has excreted from 7 
to 102 gm. per 24 hours. On the other hand, Cases 2768 and 
4160 have recorded excretions of only 1 to 7 gm. and Case 4025, 
12 to 18 gm. per 24 hours. No patient in the series has a sugar- 
free urine specimen listed in our records. ‘The urine (voided before 
breakfast) of every patient was examined in the fall of 1930 and 
found to contain sugar in the amounts indicated in Table 1. The 
striking persistence of urinary sugar excretion (or at least, of copper- 
reducing substances) in Case 2279 even during fasting is shown in 
Table 2. Unfortunately at that time no tests were made to prove 
that the small amounts of reducing substances were actually 
dextrose. 

TABLE 2. 


Mr. L. C.; Case 2279; Age, 17.9 Years. 


Urine. Diet per 24 hours. 
Fasting 
Sugar. blood 
Date, 1921. Volume sugar, 
Diacetic CHO, | P| gm. per 
acid. Per |Grams| gm. gm. gm. Cal. 100 ce. 


cent. Pet 


28-29 
29-30 
30-31 
31-Feb. 1 

. 1-2 

. 2-3 

. 3-4 

. 4-5 

. 5-6 

. 6-7 


w 


oooounwsl 


It will be noted from the above that the excretion of reducing 
substances in the urine continued despite subnormal blood sugar 
values. Marsh® has published similar observations made in a very 
complete study. 

Type of Sugar. ‘Tests for levulose and pentose were negative 
in all specimens of patients listed in Table la. Control tests with 
known levulose and gum arabic solutions and with normal urine 
were made, so that the interpretation of the results of the Seli- 
wanoff and Tollen tests was judged by as good standards as we 
could devise. Despite this, we did not find these tests entirely 
satisfactory. 


Jan : 1600 0 112 
Jan . 3300 0 388 0.08 
Jan 2000 0 252 
Jan : 1400 sl. + 80 
Feb . 1450 | Sh + 0; 0.07 
Feb . 1900 | SL + 0 
Feb . | 2200 0 0 
I Feb . 8400 0 0 
Feb . 1650 Sil. + 302 0.06 
i Feb . 1600 0 517 
| 
| 
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In 11 cases the sugar was precipitated by phenylhydrazin. The 
osazone formed was identified microscopically as that characteristic 
of dextrose. In 3 instances the melting point of the osazone* was 
found to be that characteristic of dextrosazone, and this was not 
altered by the addition of known dextrosazone crystals. 

Blood Sugar Values. Fasting blood sugar values are available 
in 5 cases. The highest recorded values range from 0.04 to 0.11 gm. 
per 100 cc. of blood. The highest blood sugar values obtained 
after a meal vary from 0.09 to 0.16 gm. per 100 cc. Most of them 
were taken within an hour after a meal. The average highest post- 
prandial value for the group is 0.13 gm. per 100 ce. 

Carbohydrate Tolerance Curves. In 7 instances tolerance curves 
were made either following 100 gm. of glucose or (in Case 2768) 
a test meal of 2 shredded wheat biscuits and 120 ce. of milk, which 
contained carbohydrate, 50 gm.; protein, 10 gm.; and fat, 6 gm. 
The individual tests are set forth in Table 1. In general, the 
curve was’ quite flat, rising normally from the control value. In 
Cases 8357, 8834 and 8885 the test quantity of glucose was given 
1 or 13 hours after an ordinary meal. These particular curves 
show values which are somewhat greater but still within normal 
limits. 

Evidences of Accompanying Nephritis. None of the 15 patients 
has at any time given evidence of the presence of nephritis. For 
that reason not many tests are recorded. However, Case 2165, 
in 1921, after 27 years of glycosuria had a phenolsulphonephthalein 
excretion of 62 per cent in 2 hours, a normal blood nonprotein nitro- 
gen value and a normal variation in the specific gravity of the urine. 
The phthalein excretion of Case 2279 was 90 per cent in 1921 and 
that of Case 4025 44 per cent in 1924. 

The microscopic examination of the urinary sediment in the 
recent analyses (Table 1) has shown no abnormality of note in any 
of the 15 cases. The urine of most of the patients gave a faintly 
positive reaction for albumin by the very sensitive Robert and 
sulphosalicylic acid tests. The incidence of positive tests, however, 
is probably no greater than that in an average group of individuals 
coming for routine examination to this office. 

Present Condition. 'The 15 patients reported in Table la reported 
in person or by letter during the last 4 months of 1930. All are in 
excellent health and maintaining a normal weight except Cases 8357 
and 8834, whose weights are slightly subnormal. Their complaints 
are mild and seem unrelated to the glycosuria. All are on a normal 
diet. A few patients avoid straight sugar as in tea and coffee. 

The effect of fasting or of low caloric diets was tried in 4 of the 
earlier cases. Case 2165 was on a low intake from 1894 to about 
1904 without ever having a sugar-free urine. His condition im- 


* We are greatly indebted to Dr. C. F. Bailey of the Department of Organic 
Chemistry of Harvard University for certain of the melting-point determinations. 
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proved greatly when he began experimenting with higher diets. 
He now observes no dietary restrictions and is in good health. In 
1921 Case 2279 (referred to above) was kept under observation 
in the hospital for 14 days and food was withheld entirely for 
4 days. His urine was never sugar-free. The urine of Case 2768 
did not become sugar-free when she was kept for 8 days on a diet 
containing less than 1200 calories. Diets containing from 500 to 
800 calories a day failed to make the urine of Case 4160 (then 
6 years of age) free from sugar, despite fasting blood sugars of 
0.03 and 0.04 gm. per 100 ce. and blood sugars of 0.07 and 0.09 gm. 
per 100 ce. 1 hour after a meal. During this period the urinary 
sugar varied from 0.5 to 1.8 per cent per 24 hours. 

The Lffect of Insulin. Case 4025 received insulin for 6 days 
in doses of from 5 to 30 units a day. Despite a low caloric diet 
(for 4 days under 1250 calories per day) the urinary sugar was 
unaffected. Cases 6708 and 6709 (then 5.5 and 6.4 years of age, 
respectively) received insulin for 6 days in doses of 10 to 20 units 
a day without affecting the urinary sugar output. This lack of 
effect has been frequently commented upon®**? but as Powelson 
and Wilder®! point out, it is possible that if very large doses of 
insulin had been used sugar-free urine might have been secured 
through extreme lowering of the blood sugar. 

I]. Patients Witn AtypicaL Renat Giycosuria. In Table 1b 
are shown the data of 7 other patients with undoubted benign 
glycosuria. These patients have a low renal threshold for sugar 
and excrete sugar in the urine almost constantly. However, they 
have had occasional sugar-free specimens and Cases 1612, 2322 and 
3959 have had occasional abnormal blood sugar values. (It is 
only fair to state that the value of 0.22 gm. per 100 cc. in the case 
of No. 2322 is the only abnormal value in 29 déterminations. Since 
her tolerance curve is so flat in shape (‘Table 1b) it is possible that 
the value of 0.22 was a laboratory error.) 

Of these 7 patients 1, Case 1266, quite well and strong at the 
time, died in March, 1922, in a coasting accident. His sister, 
Case 1612, is alive and very well today, living on an unrestricted 
diet. 

Three of the 7 patients are males and 4 are females. Four gave 
a family history of glycosuria. The mother of Cases 1266 and 1612 
has glycosuria; 1 maternal aunt and 2 paternal great-aunts are said 
to have had diabetes mellitus. The son of Case 3158 has a condi- 
tion much similar to that of his father, except that his urine 
does not so regularly contain sugar and he has had very slightly 
abnormal blood sugar values. The sister of Case 3959 is said to 
have diabetes. 

The age of discovery of glycosuria varied from 5.4 to 51.5 years. 
The average known duration of glycosuria is 10 years and varies 
from 6.8 to 17.6 years. 


| 
I 
| 
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Symptoms have been few. Case 1266 when first seen complained 
of polyuria, polydipsia and polyphagia; he was only 7 years of 
age at the time, however, and later was quite well and strong. 
Case 1612 complained of polydipsia, Case 5094, of polyphagia and 
easy fatigability, and Case 2322, of easy fatigability. 

Urinary sugar has varied from 0 to 2 per cent. In Cases 1266 
and 1612, in whom a great many tests were done, the 24-hour 
excretion of sugar varied from 0 to 14 and 0 to 12 gm., respectively. 
At the last examination (in the fall of 1930 in every case except 
Case 1266) all showed sugar in the urine and in 4 instances this was 
proved to be dextrose. 

The values for the blood sugar obtained fasting, after a meal, 
and during a tolerance test are given in the table and need no 
further comment. 

The 6 living patients are at the present time in good health, 
have a normal weight and are observing no dietary restrictions. 

The effect of fasting was tried in 2 patients of this group. Case 
1266 when starved in 1917 became sugar-free. His fasting blood 
sugar then was 0.07 gm. per 100 ce. On a diet containing 400 cal- 
ories a day (carbohydrate, 15 gm.; protein, 30 gm.; fat, 24 gm.) 
sugar reappeared in the urine. Case 2322 became sugar-free on 
80 calories a day (carbohydrate, 15 gm.; protein, 5 gm.; and fat, 0) 
and diacetic acid appeared in the urine. Her fasting blood sugar 
was at the time 0.06 gm. per 100 ce. 

Discussion. Of more interest than the presentation of cases of 
renal glycosuria is a consideration of the nature of the disorder. 
The early experiments of von Mering®® showed that the subcu- 
cutaneous injection of phloridzin causes glycosuria without hyper- 
glycemia. Zuntz?* showed further that this glycosuria most likely 
is due to local change in the kidney. He found that the injection 
of phloridzin directly into the renal artery of one side causes the 
immediate excretion of sugar from the kidney supplied by that 
artery. Not until later does sugar appear in the urine from the 
opposite kidney. The knowledge of these experiments naturally 
focussed attention upon the kidney in the spontaneous normo- 
glycemic glycosuria in man. 

In fact, the earliest reported cases of renal glycosuria had ante- 
cedent or concomitant nephritis. It was maintained by Luthje*® 
and others that such association was essential for the diagnosis of 
renal diabetes. Bénniger*! and von Noorden® insisted, however, 
that the one abnormality had nothing to do with the other. In 
the recent literature writers have taken pains to state the renal 
function of reported cases. There has been general agreement that 
this is normal.”-*.% ‘There is nothing in our data to suggest that 
in the cases of renal glycosuria there is accompanying nephritis. 
Mild albuminuria is probably no more frequent than in the average 
individual coming for routine examination. We have been unable 
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to find in the literature an account of an autopsy on a renal glyco- 
suric. There is nothing known of the morbid anatomy of the 
disease. Since the exact mechanism of the production of glycosuria 
by means of phloridzin is far from clear,** studies of this condition 
have been of limited value in the understanding of renal glycosuria. 

In renal glycosuria in man everything seems to point to normal 
functioning of the pancreas. The blood sugar is normal, insulin 
administration has little or no effect upon the glycosuria”*:?” and 
metabolism and respiratory quotient determinations have shown 
no impairment of the body’s ability to store and to use carbohy- 
hydrate. Ketosis develops when the patient fasts rather than 
when he overeats.* It may develop under postoperative condi- 
tions* in the renal glycosuric as in the normal individual. 

This lack of diabetic symptomatology, the lack of progression 
of the disease and the obvious benignity of the condition set it off 
from true diabetes mellitus. On the other hand, the occurrence 
in the same family group of an individual with diabetes mellitus, 
of another with renal glycosuria and perhaps others with transient 
or cyclic glycosuria is enough to make one wonder as to the possible 
association of the various types. There are reports too of the oc- 
occurrence in the same individual of true diabetes and a low renal 
threshold.2:*7 Despite this, Hjirne’s* study of glycosuric families 
led him to believe that orthoglycemic glycosuria and diabetes melli- 
tus probably have a different origin and that no transition occurs 
between the two. He regarded their occurrence in the same 
families as a possible chance coincidence. 

Geyelin*® states that “observation of patients with this condition 
(of renal glycosuria) over prolonged periods shows that a certain 
number develop true diabetes mellitus,’ but quotes no actual cases. 
Umber and Rosenberg*® believe that they have seen cases progress 
from glycosuria innocens to diabetes mellitus, but as Hjirne’ 
points out, 1 of these patients had on first admission a fasting blood 
sugar that was distinctly abnormal (0.156 gm. per 100 cc.). Gott- 
schalk and Springborn* take for granted that patients with harmless 
glycosuria of the renal type may later progress to true diabetes 
mellitus, often with persistence, however, of the “renal” element. 
Their first patient, however, at the time of first observation had 
distinctly abnormal blood sugar values. This change from true 
renal glycosuria to true diabetes mellitus has not occurred in any 
of the cases seen in this clinic. Our experience agrees with that 
of Faber,*! Hjirne® and Holst.” 

In a condition in which the diagnosis depends entirely on labora- 
tory findings it is difficult to ascertain whether or not the disorder 
is congenital. Our records certainly suggest that at least in some 
instances renal glycosuria is not congenital. In addition to the 
data given in Table 1 we know further that the children of Case 2165 
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had sugar-free urine a year ago but now have glycosuria. On the 
other hand, the condition usually appears early in life. In 9 of our 
15 typical cases glycosuria was discovered before the age of 20 
years. In several of our patients the history is given that, following 
the initial discovery of urinary sugar, dieting at first produced a 
sugar-free urine. ‘Then perhaps for weeks or months sugar appeared 
in the urine intermittently. Finally when first seen in the office or 
hospital these same patients were found to have constant glycosuria 
which had persisted to date. This type of history argues for a 
gradual acquisition of the lowered renal threshold, although un- 
doubtedly in most cases due to an inherited tendency. 

True renal glycosuria is presumably a permanent condition lasting 
from the time of onset until the end of life. Whether it can ever 
be a temporary state is questionable. Faber“ believes that in the 
same individual the renal threshold for sugar is the same throughout 
life. Certainly, however, as he agrees, it is lowered during preg- 
nancy and upon the administration of phloridzin. It is probably 
also lowered at the onset of the spontaneously arising condition 
of renal glycosuria. Whether this may at times be due to toxic 
injury to the kidney, as during infections, is not known. We know 
that following pregnancy and following the cessation of the effect 
of phloridzin the normal threshold is regained. It seems reasonable 
to suppose that this might occur in the case of renal glycosuria. 
Fitz’ mentions such a case. No such case has been seen in this 
clinic. In our group of discarded cases there are a few which 
seem to have shown this transient character, but in every instance 
the diagnosis was made originally after only brief observation 
because past history of glycosuria seemed at the time to warrant it. 

Although there may be some unknown extrarenal factor in their 
causation, the different types of benign glycosuria seem at least 
partly explainable on the existence of different levels of the renal 
threshold for sugar. At one extreme are those cases which we 
choose to classify as instances of “typical” renal glycosuria. These 
individuals have sugar in the urine at absolutely normal or even 
subnormal levels of blood sugar. Then there are individuals who 
show urinary sugar only when, as after a meal, the blood sugar 
rises above 0.11, 0.12 and 0.13 gm. per 100 cc. The glycosuria of 
such individuals corresponds to the alimentary glycosuria or 
“cyclic” renal glycosuria of others® and have been designated as 
“unclassified” cases by Dr. Joslin. The glycosuria is of the “renal” 
type, to be sure, and it is undoubtedly this latter condition which 
Folin and Berglund“ refer to as being so common. We believe that 
constant glycosuria irrespective of blood sugar is a rare condition. 

It is self-evident that the practical danger in making the diagnosis 
of renal glycosuria lies in the confusion of this condition with that 
of “potential” or mild diabetes mellitus which without adequate 
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treatment may increase in severity. Special care is necessary 
in the diagnosis of the glycosuria of pregnancy which is by no means 
always of the benign “renal” type which disappears after the 
termination of the pregnancy. For the diagnosis of renal glycosuria, 
therefore, we believe that observation over a period of years is 
necessary. When the diagnosis is tentatively made the patient 
should be carefully followed. Tests of blood and urine should be 
made every 3 months for the first year and every 6 or 12 months 
thereafter. 

Summary. 1. A definition of renal glycosuria is stated. Only 
15 cases in a study of 9000 cases of glycosuria were found which 
fulfilled the requirements as outlined. In addition, 7 cases were 
found which are considered typical of renal glycosuria except for 
an occasional sugar-free urine specimen or an exceptional blood 
sugar value above the limit of normal set by this clinic. 

2. Two cases of chronic (“essential’’) pentosuria were discovered 


among the patients with supposed renal glycosuria. 

3. No case in the group has recognizably progressed toward 
‘diabetes mellitus despite the fact that of the 15 “typical” cases, 
5 have had glycosuria for over 10 years and 1 for over 36 vears. 

4. In 13 of the 15 cases glycosuria was first noted before the 
age of 30 years. In 3 cases onset was noted before the age of 10 
years and in 9 cases before the age of 20 years. 


5. The history of glycosuria in the relatives of the patient was 
obtained in 11 of the 15 cases. 

6. No evidence of nephritis was found in any of the patients. 

7. Because of its rarity care should be made in making the final 
diagnosis of this type of glycosuria. 


Case Report. Because of the very long duration vf glycosuria, Case 
2165 deserves special mention. This patient, Mr. C.M.D., born April 21, 
1884, was always well until September, 1893, when, at the age of 9} years, 
he began to experience occasional attacks of asthma particularly in the 
winter after upper respiratory infections. Sugar was first noted in the 
urine in the spring of 1894. The amount is said at that time to have been 
as great as 2 to 4 and even 10 per cent of sugar. For 10 years he was kept 
on a strict dietary régime. However, despite a low carbohydrate intake, 
urine analyses every month or two showed large amounts of sugar, varying 
from 1 to over 3 per cent. Figures at hand indicate that the sugar excreted 
per 24 hours varied from 19 to 105 gm. Gradually he began to disregard 
precautions of diet. In college (1904 to 1908) he ate a full diet except for 
the omission of sugar and sweet desserts and has continued to do so until 
the present time. 

He consulted Dr. Joslin in April, 1921. At that time he was 38 years of age, 
was 5 feet 10 inches tall, and weighed 1403 pounds (without clothing). His 
only complaint was that of lack of energy. He had had slight polyuria and 
polydipsia at times. Physical examination showed no abnormalities. 
The blood pressure was 130 systolic and 80 diastolic. A typical urine anal- 
ysis is included under the date of April 20, 1921, in Table 3 below. 
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TABLE 3.— URINALYSES FROM 1899 TO 1930. 


Mr. C. M. D.; Case 2165. 


Sugar 
amount Specific Diacetic 
| Gravity acid Grams 
in 
24 hrs 


027 

026 _ 
042 Trace 
023 
036 

050 

O1S 

030 

026 


1920 
Sept. 1899. 4000 
Mar. 13, 1900. 2820 
Sept. 22, 1900 : 3000 
Mar. 30,1901 1440 
Oct. 1902... . 2940 
Apr. 1903. 1600 
Sept. 8, 1904. 1800 
Sept. 1904. 3360 
Apr. 9, 1906 2800 
Sept. 12,1906. 2900 
Apr. 20,1921 . 
Sept. 9, 1921 2340 
Oct. 1921 . 1700 
Jan. 1922. 2100 
June 15,1925. 1620 
Oct. 26,1925 . 1980 
July 23,1928 . 
Sept. 22,1930. 1860 


Nm 


030 
043 
032 
030 
028 
016 


In the urine there was no diacetic acid, only a slightest possible trace of 
albumin and no abnormalities in the sediment. The nonprotein nitrogen 
of the blood was 34 mg. per 100 ce., despite a moderately high protein diet 
(85 to 113 gm. of protein a day). The phenolsulphonephthalein excretion 
was 62 per cent in 2 hours. A ‘“2-hour renal’’ test showed a variation in 
specific gravity from 1022 to 1042. The fasting blood sugar was 0.10 gm. 
per 100 ec. on one occasion and 0.07 gm. per 100 ce. on another. The toler- 
ance curve done after a test meal is included in Table 1a. 

Since 1921 his course has been uneventful. Periodic urine examinations 
have invariably shown sugar (Table 3). A note from him in November, 
1930, states that his health is excellent although he has not as much energy 
as formerly. He was ill with dengue fever in Cuba for 3 months in 1925. 
His physical examination* in September, 1930, was normal. His weight 
was 1593 pounds and his blood pressure was 128 systolic and 85 diastolic. 
No albumin was found in his urine on September 22, 1930. The blood sugar 
was 0.09 gm. per 100 ce. He has 4 healthy children. The 2 oldest of these, 
Elizabeth, 133, and Evans, 93, were found in October, 1930, to have 0.8 
per cent and 0.6 per cent urinary sugar, respectively. Both had a normal 
blood sugar. Both had been examined 1 year before and no urinary sugar 
found. For details as to the identification of urinary sugar see Table 1a. 


The points elicited by this study are summarized on the pre- 
ceding page. 
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CHRONIC ESSENTIAL PENTOSURIA: 
A REPORT OF THREE CASES. 


By ALEXANDER MARBLE, M.D., 


BOSTON, MASS. 


(From the Joslin Diabetic Unit and the New England Deaconess Hospital.) 


ALTHOUGH alimentary pentosuria is said to occur rather frequently 
after the ingestion of large amounts of fruits, chronic “essential” 
pentosuria is usually regarded as a rare condition.!. In the course 
of a recent study described in an accompanying article? two such 
cases were discovered among a group of patients with supposed 
renal glycosuria. Their discovery emphasizes the fact that unless 
the type of urinary sugar is determined, chronic pentosuria may be 
easily mistaken for renal glycosuria.* These 2 cases, and a third 
case more recently discovered (among the group of patients with 
“unclassified” glycosuria), represent the only recognized instances 
of chronic pentosuria among 9000 consecutive cases of mellituria 
seen by Dr. Elliott P. Joslin and associates. 

In the identification of the type of sugar excreted in the urine 
the methods used were those described in the preceding article,’ 
namely, Seliwanoft’s reaction for levulose and Tollens’ phloroglucinol 
test for pentose,‘ the fermentation test and the phenylhydrazin 
test.» In performing the fermentation test the urine was incubated 
in a saccharometer in the presence of bakers’ yeast for 12 to 24 hours 
at 25° to 30°C. After allowing time for fermentation the Benedict 
test for sugar was repeated to ascertain whether or not the reducing 
substances had disappeared. ‘The osazones formed during the 
phenylhydrazin test were identified under the microscope, and after 
recrystallization the melting point of the crystals was determined.* 

* Dr. C. F. Bailey of the Department of Organic Chemistry, of Harvard University 
kindly made the melting point determinations. 
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Case Reports.—Case 1. Mr.L.L., No. 1473, a Jewish dry-goods 
merchant, consulted Dr. Joslin first on January 14, 1918, at the age of 28} 
years. Sugar had been found in his urine at each of several examinations 
performed since its discovery in February, 1917. He had been regarded 
as having diabetes mellitus. He had no complaints other than glycosuria. 
His family history and past history were irrelevant. Physical examination 
revealed no abnormalities. He remained in the New England Deaconess 
Hospital from January 14 to 25, 1918. During that stay, urinary sugar 
was constantly present in the 24-hour collections of urine, in amounts 
varying from 0.1 to 0.4 per cent (1 to 3 gm. per 24 hours). As may be 
noted in Table 1 below, urinary sugar was found even during 2 days of 
complete fasting. 


TABLE 1.—Mr. L. L., No. 1473, PersisTENCE OF MELLITURIA DESPITE FASTING. 
Urine. Diet per 24 hrs. 


Sugar. Blood sugar, 
- CHO, P. zm. per 100 cc. 
Per Gm.in em 
cent. 24 hrs. 


482 0.12 (? time). 


0 0.10 (fasting). 
S87 
887 0.11 (after eating). 


2 
2 
2 

3 
2 

2 


~ 


From 1918 to date he has remained in good health and has had a normal 
weight. He has not restricted his diet except for the avoidance of actual 
sugar, as in coffee. Repeated examinations have invariably shown urinary 
sugar in amounts varying from 0.1 to 1.5 per cent. 

On December 9, 1930, routine examination of urine passed before break- 
fast gave the following findings: Specific gravity, 1.017; acid reaction; very 
slight trace of albumin; no diacetic acid; 0.4 per cent sugar; no blood, pus, 
or casts in the sediment. 

Special tests of the urinary sugar gave a negative reaction for levulose 
and a positive test for pentose. Incubation at 25° to 30° C. with bakers’ 
yeast for 12 hours yielded no gas and the urine reduced Benedict’s solu- 
tion afterward. The phenylhydrazin test yielded crystals microscopically 
characteristic of pentosazone. After recrystallization, the melting point 
of the crystals was 157° to 159° C. 

Case 2.—Mr.C.L.S., No. 6760, Jewish, college student, was first seen 
by Dr. Joslin on March 27, 1928, at the age of 20 years. Both grandmothers 
are said to have diabetes. Sugar had been found in the patient’s urine when 
he was 12 years old and he had been treated as a mild diabetic since then. 
It was stated, that following dietary treatment in 1920 the urine became 
sugar-free for a time. A positive test was obtained in December, 1921, 
however, and at almost every examination since then. 

When first seen by Dr. Joslin, the patient complained of chronic headaches 
and lassitude. His physical examination, however, showed nothingabnormal. 
Examination of the urine showed a slight possible trace of albumin and 
0.4 per cent sugar. His blood sugar was 0.11 gm. per 100 cc. 1 hour after 
supper. On April 2, 1928, several urinary specimens were examined with 
the following results: 


Date, 
1918 Diace- 
tic 
acid. 
January 15-16 0 0 2 87 20 6 ee 
16-17 0 0 2 87 20 6 482 
17-18 0 0 1 41 13 3 243 
18-19 0 0 2 0 0 0 0 
19-20 0 0 2 0 0 0 
20-21 0 0 3 33 65 55 
21-22 0 | 2 33 65 55 
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Specific Diacetic Sugar 

Time gravity acid per cent 

11.30 a.m. (1 hr. after breakfast) eats .018 0.: 
1.00 p.m. (before lunch) 2é 0 

2.30 p.m. (1 hr. afterlumch). . . . . OL 0 

6.30 p.m. (before supper) 0 

8.00 p.m. (1 hr. after supper) \ .016 0.4 


On June 28, 1928, urine voided 2 hours after lunch gave the only negative 
test for sugar that is listed among 20 entries on the record in this Clinic. 
Blood sugar at this time was 0.09 gm. per 100 cc. Subsequent examinations 
of the urine and blood (taken simultaneously) are tabulated below. 


TABLE 2.—Mr. C.S. L., No. 6760, URINE AND BLoop EXAMINATIONS. 
Specific Sugar Blood sugar 
Date. Time. gravity per cent gm. 100 ce. 
August 14, 1928 1 hr. after lunch 035 0.6 0.10 
October 30, 1928 1 hr. after light lunch 014 0.: 0.10 


October 3, 1929 33 hrs. after lunch 
December 8, 1930 Fasting 
December 29, 1930 24 hr. amount . 


034 0.! 0.09 
O12 
024 0 


1 
1 
May 25, 1929 5 hrs. after lunch . 1.030 0 0.09 
1 
1 
# 


By the sensitive Robert’s test a very slight trace of albumin has usually 
been found in the urine. The urinary sediment always has been absolutely 
normal, and the blood pressure normal. For the last 2 years the patient 
has felt very well and has had a normal weight. He observes no dietary 
restrictions. 

On December 29, 1930, special examination of the type of urinary sugar 
as in Case No. 1473, gave a negative reaction for levulose, a positive test 
for pentose, no fermentation with bakers’ yeast, and, with phenylhydrazin, 
crystals characteristic of pentosazone. After two recrystallizations, the 
melting point of the crystals was 160° C. 

Mixing of the pentosazone crystals from the 2 cases produced no altera- 
tion in the previously determined melting point. 

Case 3.—H. T., No. 7995, Jewish, was first brought for examination on 
July 2, 1929, at the age of 7 years. Four years previously a small amount 
of sugar had been found in his urine. An uncle and an aunt of his father 
were known to have diabetes mellitus (Cases 2864 and 2865, respectively) ; 
otherwise his family history was negative. He had had pneumonia (when 
2 years of age), jaundice, tonsillitis and measles prior to our first examina- 
tion. Physical examination revealed no findings of note other than pal- 
pable cervical and axillary lymph nodes, a systolic heart murmur and a 
palpable liver. The routine blood Wassermann test was negative. He was 
first treated at the New England Deaconess Hospital from July 2 to 10, 
1929. Only one specimen was free from sugar. He was brought for observa- 
tion again in July, 1931, with the report that he had been feeling well and 
for 2 years had lived on a free diet. 

Analyses of urine and blood are summarized in Table 3, page 830. 

On July 29, 1931, he was given 40 gm. of dextrose by mouth and the 
following values for urine and blood sugar noted: 

Urine sugar, Blood sugar,* 

per cent. zm. per 100 cc 
After 2 hours 0.4 


* Analysis by the micro-method of Folin and Malmros for capillary blood. 
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TABLE 3.—H. T., No. 7995, URINE anp Bioop EXAMINATIONS. 


Urine. Diet per 24 hrs. 


Sugar. Blood sugar, 
Diace- ___._. | CHO, P. F. gm. per 100 cc 
tie gm. gm. gm. 
acid. Per Gm.in 
cent. * 24 hrs 


1929. 
July 2-3 
3-4 


.... 0.10 1} hr. after supper 
1327 
1327 
874 
1008 
1262 0.09 1 hr. after lunch 
; 55 1409 0.08 3 hr. after lunch 
House diet with sugar 0.09 1 hr. after lunch 
0.064 hr. after supper 
0.06 1 hr. after supper 
0.06 } hr. after breakfast 
0.08 1 hr. after breakfast 


1931. 
July 27-28 A a House diet with sugar 0.09 1 hr. after supper 
0.08 2 hrs. after supper 
28-29 ‘ a House diet with sugar 0.08 fasting 
0.15* 11.30 a.m. 


* This blood sugar analysis was done by the micro-method of Folin and Malmros 
on capillary blood. 
t Tonsillectomy, July 5th. 


On August 28, 1931, it was found that the urine gave a negative reaction 
for levulose, a positive test for pentose, and no fermentation with bakers’ 
yeast. Subsequently through the courtesy of Professor Harry Trimble it 
has been established that the phenylhydrazin test’ yields crystals which 
resemble microscopically those of pentosazone. After recrystallization, 
the melting point of the crystals was 154° C. 


Comment. In 1892 Salkowski and Jastrowitz® reported the dis- 
covery of pentose in the urine of a morphin addict. Since then 
isolated reports of cases have appeared, but in 1926 Rabinowitch! 
stated that there were less than 50 cases in the literature. Margolis,’ 
in 1929, reviewed 78 collected cases. The clinical features of the 
condition have been discussed by these authors and by Garrod* 
and Cammidge and Howard.? It is recognized to be an asympto- 
matic, harmless, metabolic “error”? which not infrequently occurs 
in several members of the same family. Published cases have shown 
a particular tendency for occurrence in males and in members of 
the Jewish race. The amount of sugar excreted is usually small 
(less than 1 per cent) and is independent of the diet. Therapeutic 
measures are unnecessary. 

Fischer and Reiner'® found that after the ingestion of xylose by 
pentosuric children the excretion of pentose in the urine was only 


: 
0 0 
4-5+ 0 
5-6 0 0 
6-7 0 0 
7-8 0 0 
8-9 0 0 
9-10 0 tr: 
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slightly greater than in the normal controls. Blood sugar curves 
following the giving of dextrose were normal. Dextrose ingestion 
did not increase the amount of urinary pentose. They found that 
pentose tolerance curves (blood sugar) were the same in pentosuric 
as in normal children. These curves differed from the normal 
dextrose tolerance curves in that the rise came more slowly and was 
longer sustained. There was no increase in the nonfermentable 
reducing substances in the blood of the children with pentosuria. 

The type of pentose excreted has been the subject of considerable 
discussion. In 1900 Neuberg" reported the isolation of d-l-arabinose 
in the urine of a patient in whom Salkowski had recognized the 
pentosuria. Later work, however, particularly by Levene and 
La Forge” and Greenwald, seems to indicate that the sugar is 
most often d-xyloketose. Our studies do not warrant a statement 
as to the exact type of pentose in our 3 cases. 

No connection between pentosuria and diabetes mellitus has 
ever been demonstrated. It is obviously very important, therefore, 
to recognize such cases in order to reassure the patient, to prevent 
unnecessary treatment and to enable the granting of life insurance, 
if desired. Furthermore, as in 2 of the 3 cases reported in this paper, 
chronic pentosuria may easily be mistaken for renal glycosuria unless 
in all instances of continuous benign mellituria attempts are made 
to identify the type of sugar which is being excreted. 
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THE THERAPEUTIC EFFECT OF HEMOLYSIS, ESPECIALLY IN 
THE ANEMIAS. 


By C. F. Cuartron, M.D., 


PASADENA, CALIF. 


Destruction of red cells is constantly taking place. The rate or 
velocity is of sufficient proportions to qualify it as a major function 
comparable to respiration. Earlier calculations based on pigment 
(mainly bile) excretion placed it at a billion per minute! and the 
life cycle of the red blood cell at 15 days.” 

Recent work by Whipple and associates* indicates that biliary 
pigment may have other sources than blood hemoglobin and, there- 
fore, such a method of calculation is probably erroneous. From 
their observations, also confirmed from other points of view, they 
‘alculate the life cycle of the red blood cell to be, under certain 
conditions, more than 100 days. Even on this reduced calculation 
the rate of red cell destruction amounts to several billion per day. 
These figures are impressive and it is strange that the process has 
not had more study. It is of particular importance in its bearing 
on blood regeneration and the development and maintenance of 
immunity. 

Red cell destruction is considered to be a function of the reticulo- 
endothelial system. While this system is widely distributed, it is 
concentrated more especially in the lymph nodes, omentum, spleen, 
and liver. The bone marrow is also a prominent depository of 
this system but here the fetal function of blood production pre- 
dominates. Aschoff,* who segregated and named the reticulo- 
endothelial system, says, “the function of blood destruction under 
physiologic conditions occupies a much more prominent position.” 

This function of blood destruction lags during fetal life and a new- 
born baby has an abnormally high red count, sometimes as high as 
8 or 9 million.’ After birth, hemolysis takes place and a hemato- 
genous icterus often appears with the count falling to normal levels. 
A simple and direct explanation of this whole phenomenon is that the 
circulatory changes activate the abdominal portion of the reticulo- 
endothelial system. This function of regulating blood concentration 
is thus seen to be a very early one in our independent existence. In 
this thesis I wish to enlarge on this function of blood destruction in 
relation to blood reproduction. Evidence has now accumulated that 
hemolysis stimulates new blood formation in conditions of anemia. 

Reticulin is the name given to an hemolytic enzyme extracted in 
70 per cent alcohol from the omentum of the pig.* It has been 
extracted from other organs. Alcoholic extracts of tissues are 
commonly hemolytic (Wells).6 It is standardized in hemolytic 
action by titrating with a 2 per cent suspension of red cells. Human, 


* For details of preparation the author should be consulted directly. Ep. Nore. 
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sheep, or pig cells serve equally well. That amount of extract 
required to hemolyze 1 ce. of a 2 per cent suspension of red cells at 
37° C. in 18 hours has been taken as a unit. The resistance of the 
red cells is determined by titration with a standard or master 
extract. Three years’ experience with the same extracts has shown 
this method of assay fairly constant and reliable. In alcoholic 
solution there is no appreciable deterioration of the potency of the 
extract. It does deteriorate, however, in watery solution. It 
withstands a temperature of 100° but its action is slowly destroyed 
by boiling in water. Calcium chlorid does not suspend its hemo- 
lytic action, thereby disqualifying it as a soap. It is not protein. 

This substance has been in clinical use for more than 3 years. 
Originally it was applied in malignant conditions with palliative 
effects and it was the improvement in the blood picture of these 
patients that caused its use to be extended to other conditions. 
A case of pernicious anemia in relapse, who before had required 3 
months to regenerate a normal blood on liver feeding, on biweekly 
injections of reticulin the blood count and hemoglobin returned to 
normal levels in a manner similar to the response with liver: 


TABLE 1.—RESPONSE OF A CASE OF PERNICIOUS ANEMIA IN RELAPSE. 
LIivER RESPONSE. 


Hemoglobin 
Red cells. (Sahli). Leukocytes. 


May 8,1928 . . . . 1,300,000 37 2800 
June 1,1928 . 2,420,000 80 3800 
July 3,1928 . . . . . 4,230,000 90 7200 
August 1, 1928 . 4,560,000 95 6800 


RETICULIN RESPONSE. 
Hemoglobin 
Red cells. (Sahli). Leukocytes. 


March 8,1929 . . . . 3,680,000 85 2000 
March 24,1929 . . . . 4,880,000 100 4800 


Second Trial. 


September 26,1929. . . 3,640,000 90 5400 
October 21, 1929 . . . 4,420,000 105 sO00 


This specific effect has been confirmed in 2 more cases of pernicious 
anemia. In 2 other cases who rebelled against liver and in whom 
transfusions became necessary, reticulin therapy alone maintained 
the blood at normal levels. The conclusion, then, is that in reticulin 
we have a remedy that may be capable of stimulating the regen- 
erative function equal if not superior to liver feeding. An analysis 
of previous experimental work together with my own investigations 
indicates that the essential action is hemolysis and the active prin- 
ciple is possibly the same in both instances. 

It is entirely logical to predicate blood formation on blood destruc- 
tion. Duesberg® has advanced this view as the explanation of ery- 
thropoiesis in pernicious anemia. He considers the liberated hemo- 
globin which is in turn changed to methemoglobin as the essential 


factor. Before him, McMaster and Haessler® found that injection 
vou. 183, No. 6.—sUNE, 1932 29 
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of hemoglobin stimulates the bone marrow very markedly in dogs 
rendered anemic by bleeding. Minot and associates,!° in searching 
for the active principle in liver responsible for new blood production, 
found it was extracted in 70 per cent alcohol. They, likewise, 
frequently observed a drop in red count during the first 4 or 5 days . 
of its administration indicating, ‘either an increase in the volume of 
fluid at the point of removal or a destruction of red blood cells.” 
{xtraction of several stomach and liver preparations now being 
used as antianemic therapy has yielded an abundance of reticulin 
as demonstrated by the titration method. Fetal calves liver" has 
yielded the richest extract of any, titrating 256 units to the ce. 
Thus these antianemic preparations correspond to reticulin in pro- 
cess of extraction and clinical response. 

In some severe secondary anemias, reticulin has not been effective 
until iron was added. This is as reported by investigators with 
liver extract.’2 Apparently the liberated hemoglobin in these types 
is not of sufficient concentration or proper nature to stimulate the 
bone marrow. ‘The pernicious anemia red cell on the other hand 
has a relatively rich supply of hemoglobin. 


TABLE 2.—EFrect OF RETICULIN IN SECONDARY ANEMIA FROM STOMACH ULCER. 
(Reticutin 50 Units 
Red count Hemoglobin 
(millions). (Dare). Leukocytes 
. . 4.09 59 7700 
(Iron added, ferrous carbonate, 30 gr. 
64 7200 
May 22 4 68 7000 
May 29 4 70 7200 


In the normal person reticulin does not produce a leukocytosis. 
This corresponds to the action on the red cell. In pathologic condi- 
tions the white cell increase is sometimes very striking. In a case of 
lobar pneumonia the count rose from 30,000 to 134,000 with 94 per 
cent neutrophils following 2 injections of reticulin. Ina subacute case 
of agranulocytic angina the white count rose from 1000 to 14,000, of 
which 84 per cent were neutrophils, with 2 injections of reticulin. 
On three subsequent tests a rise of leukocytes followed reticulin 
therapy in this case.* 


Case Report. Carcinoma of prostate in a man, aged 84 years, post- 
operative, with perineal and superpubic fistule. Reticulin 64 units 
biweekly. 

There was a corresponding improvement in the clinical condition and the 
fistule healed promptly. The leukocytic increase is thus seen to vary as to 
type in different conditions and usually fluctuates considerably. 


* This highly interesting case will be reported in detail by Dr. Andrew Bonthius. 
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TaBLeE 3.—Errect or RETICULIN IN CARCINOMA. 


Large 
mono 
and 
trans. 


Red 
count, Hb Leuk. Lymph Neutro 
mill’ns 


Eosin Baso 


December 22, 1930 2.37 9,250 
Reticulin commenced: 

December 24, 1930 2.83 | - 19,200 
December 27, 1930 17,750 
January 10, 1931 2.95 | 56.3 9,000 


The immediate effect of hemolysis is to liberate hemoglobin. 
The pyrrol nucleus of the bile pigment, bilirubin, is derived in part 
from this hemoglobin. The residue or protein fraction (globin) 
must go to augment plasma protein. Kerr, Herwitz, and Whipple" 
in performing plasma depletion experiments observed a marked 
hemolysis in the course of plasma regeneration. In the clinical 
use of reticulin there is evidence of an increase of lymph. A lympha- 
tic edema has been observed in arthritis cases where there was 
immobilization of the legs. There is an increased discharge of serous 
fluid from open wounds following its administration. In malignant 
‘ases, With invasion of lymphatic glands, an extreme lymphatic 
edema distal to the blockage very promptly appeared in numerous 


instances. These plasma proteins probably participate in antibody 
formation and, therefore, they become a most important subject for 
study. 

Clinical evidence indicates a stepping up of immunity by this 
form of therapy. 


Case Report. A patient experienced successive crops of boils on the 
neck for a period of more than 2 months. Hot dressings and stock vaccine 
therapy were used with slight benefit. A reddened tender area appeared 
on the back of the hand at the level of the coat sleeve. A similar lesion 
appeared on the side of the neck where the collar rubbed. Reticulin, 64 
units, was given and the patient 8 hours later experienced a mild chill. 
Next day an edema in the form of a wheal had appeared about both lesions 
and the color changed to a light brown. This was followed by two or three 
points of necrosis in the center of the wheal and copious suppuration then 
set in. Healing was complete in 10 days. 

This reaction at the location of infection corresponds to the 
description of Arthus’!® phenomenon which is considered an immun- 
ity reaction or a local reaction to antigen in a sensitized animal. 
The hemolysis by reticulin apparently liberated additional immune 
substances. Kyes'® and Cary!’ have observed antibody production 
to be most abundant where hemolysis is taking place. Portis'®’ has 
observed a severe drop in antibody production in rabbits following 
the removal of the omentum. There is, moreover, abundant experi- 
mental evidence to indicate that the reticulo-endothelial system is 
active in the production of immunity.'’ In connection with the 
‘ase cited, Klinge®® was able to retard the appearance of the Arthus 


S395 
Date 
22 71 10 1 
37 53 7 3 
32 5S 5 3 2 
40 59 1 
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phenomenon for 48 hours by first blocking the reticulo-endothelial 
system with injections of trypan blue in the sensitized animal. 

Other substances hemolytic in action have been used therapeu- 
tically, snake venom*! and lead for example. Their extensive use, 
however, has been restricted by their toxicity. Malarial inoculations 
should be considered in this category. Hemolysis rather than the ~ 
febrile reaction may be the essential factor here. 

Summary. 1. An alcoholic extract of the omentum and certain 
other organs yields a nonspecific hemolytic enzyme which has been 
given the name “Reticulin.”’ 

2. This extract is standardized by titration with a 2 per cent 
suspension of red blood cells. 

3. It is administered hypodermically after evaporating the alcohol 
and substituting sterile water. 

4. No serious toxic effects have been observed. 

5. It stimulates the regeneration of both the cellular and non- 
cellular elements of the blood under certain conditions. 

6. This hemolytic therapy heightens the immunologic response 
and increases the sensitivity of the host to bacterial protein (allergy). 
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DIAPHRAGMATIC TIC RELIEVED BY SECTION OF PHRENIC 
NERVES. 


REPORT OF TWO CASES. 


By Smiru, M.D., 


GREENVILLE, 8. C. 


Vaniep and often bizarre disturbances of the respiratory rhythm 
occurring as complications of epidemic encephalitis have been re- 
ported by many observers. The 2 cases to be described are unusual if 
we can judge by the fact that only 4 cases, controlled by phrenicot- 
omy, have been reported in recent literature.!:?:*:+ Smith® in a 
paper published in 1926 on the respiratory disturbances of enceph- 
alitis described a case seen in 1923 which must have been similar 
to the ones the author is reporting. Phrenic section had not been 
suggested at that time and his patient was not relieved. 

Welchsler® defines a tic as ‘A sudden, abrupt, rapid, involuntary 
contraction of a muscle or a group of functionally related muscles. 
It is generally clonic, but if the movements follow in very rapid 
succession the contractions may become more or less tonic. Every 
tic has what seems to be a functional pattern or an ideational pur- 
pose, although it may appear in exaggerated or even grotesque 
form. . . . Like most abnormal movements, tics are aggra- 
vated by emotion and cease during sleep.” He also says “I would 
merely urge that one pause considerably before attaching a label 
of hysteria to an involuntary movement just because it follows a 
pattern.” 

Case Reports. Case 1.—Miss B. W., white, single, aged 20 years, was 
seen first in consultation with Dr. M. C. Smith of Simpsonville, 8. C., on 
February 1, 1928. Her mother, father, several brothers and sisters are well 
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and hardy people engaged in farming. There is no neurologic taint on 
eitner side. She had influenza twice, 1918 and 1919, and there were no 
complications. She has had no illness since that could be considered influ- 
enza or even suggestive of epidemic encephalitis. The history of the present 
illness is given in some detail because of the possible relationship between 
repeated intestinal obstructions and the diaphragmatic tic. In October, 
1926, she was operated on for acute appendicitis. Two weeks later rapidly 
formed adhesions caused an acute intestinal obstruction requiring the second 
operation. Until March 10, 1927, she was well, developing on this date 
her first respiratory distress, characterized by a very rapid, jerking sort of 
hiccough at a rate of 100 a minute. This lasted without let up except when 
asleep until April 13 when it subsided spontaneously. There was no similar 
distress until mid-August when she had a second attack lasting about 12 
hours. She was then well until November, 1927, when she became ob- 
structed for the second time, requiring a third abdominal operation. Con- 
valescence was stormy, but after 3 weeks she returned home and progressed 
nicely. On January 23, 1928, the third attack of diaphragmatic spasm 
occurred. This had lasted a week when I saw her at home. The patient 
was in bed, obviously distressed and rather exhausted by a most harassing 
respiratory tic. There was no visible thoracic breathing, though she was 
apparently breathing rapidly and jerkily with a sort of grunt that could 
be heard throughout the house. This was at a rate of 90 a minute and with 
each grunt the lower borders of the ribs jerked rhythmically. The lungs 
were negative on examination and normal thoracic breathing could be done 
voluntarily, but during a full inspiration the rapid jerk continued and could 
be felt in the epigastrium. The heart was regular at 86, and was normal. 
Blood pressure was 105 systolic and 70 diastolic; the temperature 98°. The 
next day she was brought to a hospital for observation. There several 
specimens of urine varied from neutral to alkaline to litmus and were other- 
wise negative. Routine blood counts, smears and a blood Wassermann 
were negative. Fluoroscopic examination showed the right diaphragm 
to be more actively involved in the spasm than the left. The right was 
almost tonically contracted and showed a very rapid flutter synchronous 
with the grunt. The left side showed some jerkiness but was evidently 
not involved as was the right. In view of the fact,that two other similar 
attacks had subsided spontaneously she was kept under observation for a 
second week. The tic persisted at a rate from 90 to 110a minute. It would 
subside when she could be put to sleep, which proved very difficult, requiring 
large doses of morphin with scopolamin to quiet her for 3 or 4 hours. During 
sleep so induced there was no apparent disturbance of the respiratory 
mechanism, but the instant she would awake the tic returned. 

After 2 weeks of persistent distress it was decided to section the phrenics 
to control the spasm as recommended by Gamble et al. and by Dowman. 
On February 6, Dr. Dowman saw the patient and promptly concurred in 
this plan. He then exposed the right phrenic under novocain anesthesia 
and proved it by faradic stimulation, which produced a severe pain in the 
right scapular region, repeating the observation previously reported by 
him. The nerve was then frozen white for about an inch with a spray of 
ethyl chlorid. The tic stopped so abruptly as to be dramatic and the respira- 
tions immediately became normally thoracic at a rate of 22 a minute. It 
having thus been proved that the attack involved only the right diaphragm, 
the nerve was then divided and the free ends dropped into the wound. 
Fluoroscopic examination after this operation showed the right diaphragm 
elevated and almost immobile. Three days later she was allowed to return 
home breathing perfectly comfortably. 

On March 1, just 3 weeks after the phrenicotomy, she was brought back 
to the hospital with the third intestinal obstruction, which was again 
relieved by freeing the bands of dense adhesions. On March 13, while 
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convalescent from the last abdominal operation, there suddenly appeared 
a spasm of the left diaphragm with a tic averaging 140 a minute, identical 
in every respect with the others except that fluoroscopic examination showed 
this one to involve the left side and that the right diaphragm was still 
paralyzed. After waiting 4 days for this attack to subside, we decided to 
freeze the left phrenic, which was done on March 17, by Dr. T. B. Reeves 
of Greenville. Promptly on freezing the left nerve the tic ceased and the 
patient became comfortable, but unfortunately this lasted only 48 hours 
when the tic reappeared at a rate of 100 to 110. March 20, the left phrenic 
was again exposed through the same wound and this time about 5 em. 
removed. After cutting the nerve at the same point where freezing it 2 
days before had controlled the tic, we were surprised when the spasm only 
partly subsided. After searching a few minutes a small branch higher up 
was found and when this was cut the tic disappeared instantly. For an 
hour or 2 the patient complained of some vague distress on breathing, but 
the respirations were regular, normally thoracic and appeared comfortable. 

In September, 1928, the patient was observed and at this time she seemed 
well and had gained 20 pounds. There was no respiratory distress and none 
had occurred since the operation on March 20. Constipation was a problem 
and she was taking 2 ounces of castor oil daily. On fluoroscopic examination 
the right diaphragm was found functioning normally and the left still out. 
It is of interest to note that the right phrenic had regenerated within a 
period of 7 months after section. 

The patient was next seen in December, 1929, when the fourth obstruc- 
tion by adhesions occurred. There had been no attacks of diaphragm spasm 
now for 20 months. At operation the entire right lower abdomen was filled 
with adhesions involving the lower end of the ileum, the cecum and the 
ascending colon. The obstructing bands were released and the patient 
relieved. On December 19, 10 days after this operation, the diaphragmatic 
tic again appeared, identical with the other attacks and averaging about 
90 a minute. We found this time that the right side was involved and the 
left still paralyzed. On December 23, the right nerve was exposed, requiring 
some little search because of scar tissue and the fact that it was smaller 
than originally. The nerve was then avulsed with prompt control of the 
tic. She was discharged December 30, but on January 3, 1930, she was 
brought back with the fifth obstruction. At this time it was decided to do 
a more radical operation and the last free portion of the ileum was anasto- 
mosed to the descending colon. Convalescence was uneventful and the 
patient discharged in better health than I had ever seen her. Unfortunately 
the patient did not continue to improve but developed an intractable 
diarrhea a few months later and died. She suffered no respiratory distress 
during the time that she lived after both phrenics were resected, though 
she was never very active because of the diarrhea. 

CasE 2.—Mrs. R. F., white, married, aged 21 years, was seen at her home 
in consultation with Dr. L. L. Richardson of Simpsonville, 8. C., on January 
1, 1929. This patient lived on a neighboring farm near the first case, though 
both families assured me that she had never seen the other girl during an 
attack. The story here is different and is quite in line with the 4 cases 
previously reported. Three weeks before I saw this patient she had a mild 
attack of influenza from which she had apparently recovered until 3 or 4 
days before, when she became very restless, complained of headache and of 
double vision, and a moderate fever reappeared. During the morning of 
January 1, she suddenly developed a diaphragmatic tic identical with that 
described in the first case. The mother of my first case made the diagnosis 
here before I saw the patient. Here the rate average 120 a minute and 
presented the same rapid, jerking, grunting spasm as described above. 
In this patient we have a definite attack of epidemic encephalitis with the 
onset of the tic on the third or fourth day of the disease. She was observed 
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for 4 days, during which time the symptoms of encephalitis became more 
pronounced and the tic continued. It was difficult to get this patient to 
sleep, but as in the first case, during sleep the respirations were normal. 
Except for the neurologic evidences of the encephalitis all examinations 
were negative. Two urine specimens were reported slightly acid to litmus. 
The following day she was brought to the hospital where fluoroscopic 
examination showed the right diaphragm to be more actively involved in 
the tic. 

On January 5 the right phrenic nerve was exposed and its control of the 
tic proven by freezing with ethyl chlorid, after which it was cut in two and 
both ends dropped into the wound. The patient had no further respiratory 
distress and within a week she was better so that she was discharged. 

Three months later the tic reappeared, though now it occurred only 
every 3 or 4 weeks and lasted a few hours. She was seen at the office soon 
after this and the fluoroscopic examination showed that the right diaphragm 
was again functioning normally. Here the right phrenic had regenerated 
within 3 months after section. At this observation definite psychic changes 
were noted and these were regarded as the result of the epidemic encephalitis 
4 months before. These infrequent attacks occurred only a few times and 
on each occasion seemed to be precipitated by some emotional flurry. For 
the past 6 months she has had no attacks and has seemed to be in much 
better health. 


Summary. ‘T'wo cases of diaphragmatic tic relieved by section 
of the phrenic nerves are placed on record. 

These cases confirm several observations made by the other 
authors: (1). In Case 1, Dowman repeated his observation that 


faradic stimulation of the proximal end of the sectioned phrenic 
produces pain in the scapular region. (2) Case 1, showed a neutral 
to alkaline urine, probably due to overventilation with elimination 
of alkali in the urine as suggested by Gamble et al. (3) Case 1, 
required resection of both phrenics for final control, confirming 
Skillern’s observation that freezing or section was only of temporary 
value. 

The phrenic nerve regenerated in both cases after section, within 
7 months in the first case and 3 months in the second. 

Both patients were young women living on neighboring farms. 
One patient developed the tic during a definite attack of epidemic 
encephalitis, while in the other and more distressing case no history 
of an illness that might be consider epidemic encephalitis could be 
obtained. The inevitable diagnosis of hysteria had been made in 
the first case by several consultants before the condition was recog- 
nized. 
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THE RELATION OF THE SYMPATHETIC NERVOUS SYSTEM 
AND GENERALIZED LYMPHOID HYPERPLASIA TO THE 
PATHOGENESIS OF EXOPHTHALMIC GOITER AND 
CHRONIC LYMPHATIC LEUKEMIA. 


By Harry B. Frirepcoop, A.B., M.D., 
INSTRUCTOR IN INTERNAL MEDICINE, UNIVERSITY OF MICHIGAN, 


ANN ARBOR, MICH. 


(From the Department of Internal Medicine, University of Michigan.) 


Similarity of Exophthalmic Goiter and Chronic Lymphatic Leukemia. 
Exophthalmic goiter and chronic lymphatic leukemia are particu- 
larly characterized by an elevated basal metabolic rate. In no other 
condition, except chronic myeloid leukemia, is the incidence of this 
disturbance so high. 

This similarity may be especially significant because Lugol’s 
solution induces a strikingly similar clinical remission with reduc- 
tion of the basal metabolic and pulse rates in certain patients with 
chronic lymphatic leukemia and Graves’ syndrome.'!? This paral- 
lelism is still more obvious in a study of the pathologic physiology 
and salient clinical signs and symptoms which have been univer- 
sally associated with these maladies. 

Clinical Features. The classic symptoms of exophthalmic goiter 
are remarkably similar to those of chronic lymphatic leukemia,’ 
although they are usually much less intense in leukemia even in 
the presence of an equally elevated basal metabolic rate. Acute 
exacerbations and remissions in exophthalmic goiter have been 
widely recognized, while Minot and Isaacst have more recently 
emphasized a similar phenomenon in the chronic leukemias. 

The eye signs, which have been considered classic of exophthalmic 
goiter, are most probably manifestations of a hyperactive sympa- 
thetic nervous system.>*:7.° Their widespread prevalence in 
conditions other than Graves’ syndrome has been recently reported 
by Friedgood.'!° The relative frequency of these eye signs in chronic 
lymphatic leukemia is probably of similar significance. 

Ocular phenomena were detected in 6 of 10 patients with chronic 
lymphatic leukemia; while several had as many as three different 
eve signs. 

TaBLE 1.—OcuLAR PHENOMENA IN CHRONIC LyMpHATIC LEUKEMIA. 

No. patients 
Sign. positive. 

Unilateral prominence of right eye 

Bilateral exophthalmos 

von Graefe’s sign 

Kocher’s sign 

Dalrymple’s sign 


Palpable splenomegaly and generalized lymphadenopathy are 
accepted and widely recognized physical findings in chronic lym- 


$42 FRIEDGOOD: SYMPATHETIC NERVOUS SYSTEM 


phatic leukemia. However, their prevalence in exophthalmic goiter 
is not generally recognized. 

The spleen is definitely enlarged at autopsy in exophthalmic 
goiter,!!!2.13,14,15,16 even to the point where one may detect it clin- 
ically by palpation and percussion in about 20 to 30 per cent of the 
cases.'718.16 Sainton and Emond!* were unable to detect a spleno- 
megaly in 22 control patients with simple endemic goiter. 

Numerous investigators have also pointed out the prevalence of 
generalized lymphoid hyperplasia which can be detected clinically 
in the regional lymph nodes of the neck,'!:”-!.2°.2! and in the pharyn- 
geal, faucial and lingual tonsils." 

It is probably significant, in the presence of this widespread 
splenolymphatic hyperplasia, that certain authors have reported a 
relative as well as an absolute lymphocytosis in 30 to 67 per cent of 
patients with Graves’ syndrome.” 3.24.5 

Plummer” could not detect any relationship between the degree 
of mononucleosis, the height of the white blood cell count and the 
severity of symptoms; but Menkin™ has recognized that mono- 
nucleosis is more likely to occur in association with exophthalmos 
and evidence of a hyperactive sympathetic nervous system. 

Pathologic Features. The pathologic anatomy of exophthalmic 
goiter is no less striking than its clinical signs and symptoms. As 
far as is now known there is only one pathologic finding which has 
been universally reported in Graves’ syndrome; but others of occa- 
sional or frequent occurrence are probably also significant. 

Although small foci of lymphoid tissue can be occasionally demon- 
strated in normal thyroid glands,”?7°-" extraordinary lymphoid 
hyperplasia with the development of well formed germinal centers??: 
30 ,31 ,11 ,12 ,32 ,26 ,34 35 ,36 ,37 ,38 ,39 ,20 21,15 ,41 ,42 ,43 is an almest constant patho- 
logic change in the thyroid gland of exophthalmic goiter. 

Apparently there is no essential difference in the basal metabolic 
rate between those cases showing extensive epithelial and lymphoid 
hyperplasia and those having only lymphoid hyperplasia.“ In 
many of the latter, the basal metabolic rate was recorded as high 
as +100 per cent. 

It is even more significant that these changes in the thyroid are 
only a part of the generalized increase in lymphoid tissues through- 
out the body, involving the regional lymph nodes, especially of the 
neck and the pharyngeal, faucial and lingual tonsils. Scattered 
foci of lymphoid cells also occur in nests throughout the viscera 
and especially in the kidneys, muscles, liver and even in the bone 
marrow; while Peyer’s patches and the solitary follicles of the intes- 
tines are also universally hyperplastic 75:31:11 44,20 21 

The splenomegaly which is often found at autopsy in exophthalmic 
goiter (vide supra) is also marked by a generalized lymphoid hyper- 
plasia with enlargement of the Malpighian corpuscles. The latter 
are characterized by that type of lymphoid exhaustion which War- 
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thin recognizes as a fundamental constitutional disturbance in 
exophthalmic goiter (thymicolymphatic constitution). 

It is, of course, well known that the thymus is also abnormally 
enlarged and persistent in the great majority of patients with 
exophthalmic 

In general, the changes in the thymus are supposed to parallel 
those in the other lymphoid tissues of the body, and MacCallum 
states that “descriptions of the histologic changes are most contra- 
dictory, but it seems that they may represent an accentuation of 
the condition corresponding to the age at which the disease devel- 
oped.” 

Significance of Lymphoid Hyperplasia in Graves’ Syndrome. 
Although pathologists have been cognizant of this widespread 
lymphoid hyperplasia in exophthalmic goiter, its general import- 
ance has not received sufficient attention, because of the veil of 
mystery which seemed to shroud its specific significance in the 
pathogenesis of the malady. However, the fact that Lugol’s solu- 
tion has a strikingly parallel effect in two diseases, both character- 
ized by a specific and similar disturbance in the lymphatic system 
and rate of oxygen consumption, suggests that there may be a funda- 
mental disorder common to both, and responsible for the remark- 
able similarity in their clinical signs and symptoms. 

The Sympathetic Nervous System. The relation of the sympathetic 
nervous system to the pathogenesis of exophthalmic goiter has 
been the object of investigation and interest for many years. Numer- 
ous observations have been attempted to determine the effect of 
experimental stimulation and resection of these ganglia and nerve 
trunks; but a satisfactory interpretation of these results has not 
been forthcoming, and the question is still sub judice. 

The cervical sympathetic ganglia of exophthalmic goiter have 
received particular attention by Greenfield,** Wilson,*? and Wilson 
and Durante.*’ Greenfield found a subacute inflammatory lesion, 
characterized by swelling and hyperemia, in addition to leukocytic 
infiltration and subsequent degenerative changes of the cervical 
sympathetic ganglia. The central nervous system (especially the 
medulla oblongata) was also found to be involved in a similar 
process. Wilson and his colleagues, however, were impressed with 
the degenerative changes in these ganglia, and called attention to 
fatty deposits within the ganglion cells, atrophy and reduction in 
their number and a diffuse fibrosis of the entire ganglion. 

These changes in the cervical sympathetic ganglia of patients 
with exophthalmic goiter are certainly of immediate interest in a 
syndrome which is characterized by such marked evidence of auto- 
nomic imbalance.*!:'° The problem seems well worthy of further 
investigation from this point of view. 

The Pathology of Chronic Lymphatic Leukemia. The important 
pathologic findings of chronic lymphatic leukemia have been stud- 


S44 FRIEDGOOD: SYMPATHETIC NERVOUS SYSTEM 


ied extensively, and are well recognized. Even a superficial com- 
parison of the latter with the pathology of exophthalmic goiter 
reveals the striking similarity which seems to exist between the two. 

The immediate and obvious difference is almost purely a quanti- 
tative one—the lymphoid and splenic lesions being much less exten- 
sive in exophthalmic goiter than in chronic lymphatic leukemia. 

In lymphatic leukemia, there is usually a generalized lymph- 
adenopathy with enlargement of the solitary nodules and agminated 
lymphatic tissue in Peyer’s patches. The liver, kidneys, lungs and 
bone marrow may also be well infiltrated with lymphocytes. The 
spleen is usually easily palpable, and the Malpighian bodies, as in 
Graves’ syndrome, are enlarged. In lymphatic leukemia, however, 
the hyperplastic lymphoid tissue disturbs the normal architecture 
of the stroma, so that the pulp is somewhat distorted but still 
discernible. 

Chronic lymphatic leukemia has been reported without the pres- 
ence of enlargement of the spleen or regional lymph nodes.**** The 
French speak of this as “forme medullaire de la leucemie lymph- 
tique chronique.” Bensis and Gouttas** quote cases from Walz, 
Pappenheim, Konmoezy, Dennig, Naegeli and Aubertin Charles, 
and report two new instances. 

Various investigators disagree concerning the changes in the 
thymus in chronic lymphatic leukemia. Thorpe,» DeSautelle and 
Wood,** and Poensgen*” have reported isolated cases of thymic 
hypertrophy associated with chronic lymphatic leukemia; while 
Ordway and Gorham** state that “the thymus gland is usually 
large, and may even show tumor-like nodules and infiltration of the 
surrounding tissue. Histologically, the change is comparable to 
that found in the lymph glands.” However, Ewing,®’ Margolis,®° 
and Schridde® state that in their experience true thymic hyperplasia 
is either rare or absent in chronic lymphatic leukemia. The 
researches of Williamson and Pearse,” and Blackford and Freligh* 
suggest that the changes in the thymus gland are more closely 
related to those in the thyroid gland in particular, rather than to the 
hyperplasia of the lymphoid structures in general. 

Noteworthy Variations. The presence of lymphocytosis is 
expected in chronic lymphatic leukemia, but the remarkable occur- 
rence of aleukemic phases is of interest, because they are found in a 
disease which may be characterized by the absence of other salient 
clinical and pathologic phenomena, such as lymphoid hyperplasia, 
splenomegaly, elevated basal metabolic rate and tachycardia. 
The significance of these departures from the usual type of syn- 
drome is unknown at the present time. 

A similar state of affairs exists with regard to exophthalmic goiter, 
because such characteristic phenomena as increased basal oxygen 
consumption, lymphocytosis, tachycardia and exophthalmos may 
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be absent in the presence of an otherwise typical clinical syndrome. 
The discovery of the mechanism and significance of these interesting 
variations will undoubtedly lead to a better understanding of the 
pathogenesis of Graves’ syndrome and chronic lymphatic leukemia. 

The Physiology of the Sympathetic Nervous System. ‘The pre- 
dominance of the signs and symptoms of sympathetic nervous 
system hyperactivity in these maladies suggests that this system 
plays a réle of paramount importance in their pathogenesis. It is 
not known whether this fundamental disturbance involves the 
central or peripheral connections of the sympathetic nervous system, 
but the subjective and objective manifestations of its hyperactive 
state are well recognized. The subjective phenomena include various 
types of nervousness, palpitation and emotional instability. The 
objective signs are expressed in terms of its influence on tonicity 
of musculature (tremor), cardiac rate (tachycardia), secretions of 
sudoriferous glands (sweating), the ocular manifestations (exoph- 
thalmos, lid-lag, lid-spasm, Dalrymple’s and Kocher’s eye signs) 
and vasomotor instability. 

The Sedative Action of Iodin. lodin appears to have a striking 
ability to induce a remission in the signs and symptoms of this 
sympathetic hyperactivity. The depression of the general emo- 
tional instability and the relief from the tachycardia, sweating and 
vasomotor phenomena suggest that iodin has a “selective sedative 
action” on the sympathetic nervous system. 

The concomitant decrease of the basal metabolic rate, following 
iodin therapy in certain instances of exophthalmic goiter and chronic 
lymphatic leukemia, may signify that at least a portion of the 
mechanism responsible for its elevation is exerted through the 
sympathetic nervous system, and that its depression is also accom- 
plished by the “selective sedative activity” of the iodin. It is, of 
course, quite possible that this metabolic disturbance is secondary 
to various influences, only one of which responds to what one may 
term the “sedative action”’ of iodin. To a certain extent, this may 
explain the modus operandi of those cases in both maladies which 
do not respond to Lugol’s solution in the expected manner. 

This conception assumes even greater significance if one con- 
siders that increased nervous tension, secondary to any cause what- 
soever, is frequently responsible for a definite elevation in the basal 
metabolic rate; and that the effect of epinephrin, an activator of 
the sympathetic nervous system (palpitation, tremor, tachycardia, 
vasomotor and emotional instability) is characterized by a transient 
but nevertheless significant elevation of the basal metabolic rate." ™: 
65 ,66 ,67 ,68 69 ,70,71,72 

Discussion. The Relation of the Thyroid Gland to Exophthalmic 
Goiter. If the Merseburg triad of exophthalmic goiter is present in 
association with an increased basal metabolic rate and the peculiar 
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nervous manifestations of the disease, the pathologic changes in 
the thyroid gland may be those of a diffuse parenchymatous hyper- 
plasia with marked diminution of the colloid substance. 

The more striking syndrome, however, includes those instances 
in which marked symptoms of exophthalmic goiter occur in associa- 
tion with either a normal thyroid gland or an altered thyroid with- 
20 ,21 ,43 

Speaking of those instances in which the thyroid is normal in 
association with an abnormally persistent and hypertrophic thymus, 
Klose and Hellwig** go so far as to write “wir sehen in diesem Fall 
einen erneuten Beweis fiir das Vorkommen eines rein thymogen 
Basedow, ohne spezifische Schilddriisen Veriinderung.”’ 

Furthermore, it has been generally disregarded that many other 
diverse lesions (syphilis, miliary tuberculosis, extensive hemorrhage, 
ligneous thyroiditis, inflammatory changes, neoplasm) have been 
discovered in the thyroid gland in association with exophthalmic 
goiter and that the syndrome has been reported accompanying 
such acute infections as typhus fever and acute articular rheumatic 
fever. 82,20 

Kocher* said “it has been difficult for those who have examined 
large series of cases and also for those who see a great deal of other 
diseases of the thyroid gland, to accept the above mentioned changes 
(proliferation of epithelium, which assumes the cylindrical type, 
the liquefaction of colloid, etc.) as being specific for exophthalmic 
goiter. We find the same enlargement of follicles with formation 
of papille and high cylindrical cells, together with the decrease in 
thick colloid, in glands of normal size, in hypertrophic as well as 
nodular goiters, without the slightest symptoms of exophthalmic 
goiter.” 

Hyperplasia of the Thyroid Gland in Myxedema, Endemic Goiter 
and Postoperative Subtotal Thyroidectomy. Further evidence against 
the specificity of thyroid hyperplasia for exophthalmic goiter may 
be inferred from the fact that it is not essentially different from that 
found in certain instances of animal and human myxedema,* 4:9!” 
endemic gotter® and following partial 

Relation of Iodin to the Thyroid Gland. The significance of these 
observations becomes even more apparent if attention is directed 
to the relation of iodin to the histologic architecture of the thyroid 
gland, and its ability either to prevent the occurrence of postopera- 
tive compensatory hyperplasia and the hyperplasia of endemic 
goiter, or induce their involution to the colloid state.**:°* These 
investigators have finally concluded that all thyroid hyperplasias 
are anatomically, chemically, and biologically identical, and second- 
ary to a relative or absolute iodin deficiency. 

Extensive investigations by Kocher,” Cattell,*®  Rienhoff,“ 
Giordano,’ Sager, and Holst and Lunde®® have demonstrated 
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that the therapeutic use of iodin causes a process of involution to the 
colloid state in hyperplastic thyroids from patients with Graves’ 
syndrome, similar to that reported by Marine and his co-workers 
for endemic goiter. 

Hyper plasia-Hyperthyroidism Theory and an Alternate Conception. 
These data render it obvious, therefore, that the theory of a hyper- 
thyroidism secondary to and dependent upon hyperplasia of the 
thyroid gland is not entirely adequate to explain the nature and 
pathogenesis of Graves’ syndrome. 

There is a natural tendency in medicine to classify a group of 
clinical syndromes according to their salient clinical characteristics, 
if their etiology is obscure. 

Chronic lymphatic leukemia and exophthalmic goiter likewise 
appear superficially to be wholly unrelated clinical syndromes. 
However, a more careful investigation indicates that a striking and 
fundamental parallelism exists between these two syndromes. 
Both maladies are characterized by an elevated basal metabolic 
rate and by the obvious signs and symptoms of an hyperactive 
sympathetic nervous system (relative tachycardia, tremor, abnormal 
sweating, emotional and vasomotor instability, exophthalmos and 
associated eve signs). Generalized lymphoid hyperplasia and spleno- 
megaly occur in both diseases; and lymphocytosis is recognized 
as a typical change in the peripheral blood circulation. All of these 
phenomena differ only in a quantitative manner. 

The evidence of sympathetic nervous system hyperactivity is 
much less intense in chronic lymphatic leukemia, even in the pres- 
ence of an equally elevated basal metabolic rate; but the lymphoid 
reaction is less conspicuous in Graves’ syndrome. 

The available data suggest that the signs and symptoms of both 
chronic lymphatic leukemia and exophthalmic goiter are expressed, 
in varying degrees, through the hyperactive state of the sympathetic 
nervous system. 

The influence of iodin upon the pathologic physiology of the 
sympathetic nervous system is usually of a sedative character, but 
may act as a stimulant under conditions which are unknown at 
present. 

The intimate and frequent association of generalized lymphoid 
hyperplasia, clinical manifestations of sympathetic nervous system 
hyperactivity and elevated oxygen consumption may be of more 
than casual significance. 

Summary and Conclusions. Lugol’s solution has a strikingly 
parallel effect upon the clinical phenomena of exophthalmic goiter 
and chronic lymphatic leukemia; and, conversely, does not amelior- 
ate the signs and symptoms of true hyperthyroidism induced by 
the ingestion of active thyroid substance.2. These facts, in addition 
to the similarity which exists between the clinical picture and pathol- 
ogy of chronic lymphatic leukemia and exophthalmic goiter, indicate 
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that these maladies are primarily independent of thyroid dysfunc- 
tion. Exophthalmic goiter is probably not due to a hyperthyroid- 
ism, and its elevated basal metabolic rate and tachycardia seem to 
be independent of a hypothetical hypersecretion from a hyperplastic 
thyroid gland. 

The sympathetic nervous system and the lymphatic system play 
a significant réle in the pathogenesis of exophthalmic goiter and 
chronic lymphatic leukemia; and the effect of iodin is probably 
intimately related to the pathologic physiology of the sympathetic 


nervous system. 
BIBLIOGRAPHY. 


. Friedgood, H. B.: J. Clin. Invest., 1931, 10, 172. 
. Friedgood, H. B.: Am. J. Men. Sct., 1932, 183, 515. 
Minot, G. R., and Means, J. H.: Arch. Int. Med., 1924, 33, 576. 
Minot, G. R., and Isaacs, R.: Boston Med. and Surg. J., 1924, 191, 1. 
MacCallum, W. G., and Cornell, W. B.: Med. News, 1904, 85, 732. 
. Harling, T.: Ztschr. f. rationelle Med., 1865, 24, 275, 3 R. 
. Sappey, C.: Bull Acad. de Sciences de Paris, 1867, 65, 675. 
. Prevost, J. L., and Jolyet, F.: Arch. gén. de méd., 1868, 1, 104. 
. Friedgood, H. B., and Boyden, A. M.: Experimental Exophthalmos and its 
Relation to the Pathogenesis of Exophthalmic Goiter, Proc. Central Soc. Clin. 
Research, Nov. 1931. 
10. Iviedgood, H. B.: Am. J. Mep. Scr., 1930, 180, 836. 
11. MacCallum, W.G.: J. Am. Med. Assn., 1907, 49, 1158. 
2. MacCallum, W. G.: A Textbook of Pathology, 3d Ed., Philadelphia, W. B. 
Saunders Company, 1924. 
13. Foster, N. B.: Nelson Loose-leaf Living Medicine, New York, Thos. Nelson & 
Sons, 1920, 3, 263. 
14. Beattie, J. M., and Dickson, W. E. C.: A Textbook of Special Pathology, 
London, William Heinemann, 1921. 
15. Delafield, F., and Prudden, T. M.: A Textbook of Pathology, 14th Ed., New 
York, William Wood & Co., 1927. 
16. Assmann, H.: Miinchen. med. Wehnschr., 1931, 78, 221. 
17. Baldridge, C. W., and Peterson, F. R.: J. Am. Med. Assn., 1927, 88, 1701. 
18. Sainton, P., and Emond, G.: Gaz. d. hép., 1930, 103, 449. 
19. Barker, L. F.: J. Am. Med. Assn., 1907, 49, 1235. 
20. Warthin, A.S.: Ann. Int. Med., 1928, 2, 553. 
21. Warthin, A. S.: Detroit Proc. Inter-State Postgrad: Med. Assn., No. Am. 
1929, p. 383. 
22. Kocher, T.: Arch. f. klin. Chir., 1908, 87, 131. 
23. Kocher, A.: J. Am. Med. Assn., 1907, 49, 1240. 
24. Menkin, V.: Arch. Int. Med., 1928, 42, 419; Am. J. Physiol., 1928, 85, 489. 
25. Plummer, W. A.: Minnesota Med., 1919, 2, 330. 
26. Simmonds, M.: Arch. f. path. Anat. u. Physiol. u. f. klin. Med., 1913, 211, 73. 
27. Starck, H.: Ztschr. f. d. ges. Neurol. u. Psych., 1914, 10, 417. 
28. Hecker, E.: Frankfurt. Ztschr. f. Path., 1922, 28, 96. 
29. Hezel, O.: Deut. Ztschr. f. Nervenh., 1893, 4, 353. 
. Farner, E.: Arch. f. path. Anat. u. Physiol. u. f. klin. Med., 1896, 143, 509. 
. Langhans, T.: Ibid., 1907, 189, 69. 
. Kocher, A.: Ibid., 1912, 208, 86. 
. Lifvendahl, R. A., and Jaffé, R. H.: Med. Clin. No. Am., 1930, 13, 1171. 
. Chvostek, V.: Morbus Basedowi und die Hyperthyreosen, Berlin, J. Springer, 


. Holst, J.: Acta chir. Scandinav., 1923, Suppl. 4, 1. 
. Troell, A.: Arch. f. klin. Chir., 1923, 124, 700. 
. Goormaghtigh, N.: Endocrinology, 1924, 8, 323. 
38. Cattell, R. B.: Boston Med. and Surg. J., 1925, 192, 989. 
9. Holzweissig, H.: Deut. Ztschr. f. Chir., 1925, 193, 276. 
. Giordano, A.S.: J. Indiana State Med. Assn., 1926, 19, 63. 
. Sager, W. W.: Arch. Surg., 1927, 15, 878. 


1917. 


FRIEDGOOD: SYMPATHETIC NERVOUS SYSTEM S49 


42. Menne, F. B., Joyce, T. M., and Stewart, J. D., Jr.: Ann. Int. Med., 1928, 1, 
912. 
43. Simpson, W. M.: Am. J. Surg., 1929, 7, 22. 
44. Rienhoff, W. F., Jr.: Bull. Johns Hopkins Hosp., 1925, 37, 285. 
45. Blackford, J. M., and Freligh, W. P.: Coll. Papers Mayo Clinic, 1916, 8, 507. 
46. Klose, H., and Hellwig, A.: Arch. f. klin. Chir., 1924, 128, 175. 
47. Moschcowitz, E.: Arch. Int. Med., 1930, 46, 610. 
48. Greenfield, W. S.: Lancet, 1893, 2, 1493 and 1553. 
49. Wilson, L. B.: Am. J. Men. Scr., 1916, 152, 799. 
50. Wilson, L. B., and Durante, L.: J. Med. Res., 1916, 34, 273. 
51. Kessel, L., and Hyman, H. T.: Am. J. Men. Sct., 1923, 165, 513. 
52. Barker, L. F.: J. Am. Med. Assn., 1918, 71, 327. 
53. Réssle, R.: Arch. f. path. Anat. u. Physiol. u. f. klin. Med., 1930, 275, 310. 
54. Bensis, W., and Gouttas, A.: Sang, 1930, 4, 29. 
55. Thorpe, E.8.: Arch. Pediat., 1927, 44, 126. 
56. De Sautelle, W. T., and Wood, R.B.: J. Tenn. Med. Assn., 1925, 17, 313. 
57. Poensgen, F.: Med. Klin., 1913, 9, 1504. 
58. Ordway, T., and Gorham, L. W.: Leukemia, Oxford Medicine, New York, 
Oxford University Press, 1920, 2, 717. : 
59. Ewing, J.: Neoplastic Diseases, Philadelphia, W. B. Saunders Company, 
1928, p. 967. 
60. Margolis, H. M.: Arch. Path., 1930, 9, 1015. 
61. Schridde, H.: Thymus, in Aschoff, L.: Pathologische Anatomie, 5th Ed., 
Jena, Gustav Fischer, 1921, 2, 176. 
. Williamson, G. 8., and Pearse, I. H.: Brit. J. Surg., 1930, 17, 529. 
33. Langlois and Garrelson: Compt. rend. Soc. de Biol., 1910, 68, 356. 
. Lusk, G., and Riche, J. A.: Arch. Int. Med., 1914, 13, 673. 
5. Tompkins, E. H., Sturgis, C. C., and Wearn, J. T.: Arch. Int. Med., 1919, 
24, 269. 
66. Grafe, E.: Ergebn. d. Physiol., 1923, 21, 1. 
67. Lyman, R. S., Nicholls, E., and McCann, W. S.: J. Pharmacol. and Exp. 
Therap., 1923, 21, 343. 
68. Boothby, W. M., and Sandiford, I.: J. Biol. Chem., 1922, 54, 783. 
69. Sandiford, I.: Am. J. Physiol., 1920, 51, 407. 
70. Boothby, W. M., and Rowntree, L. G.: J. Pharmacol. and Exp. Therap., 
1923, 22, 99. 
71. Marine, D., and Lenhart, C. H.: Am. J. Physiol., 1920, 54, 248. 
72. Soskin, S.: Am. J. Physiol., 1927, 83, 162. 
73. Virchow, R.: Die Krankhaften Geschwiilste. 30 Vorlesungen, geh. wiihr. d. 
Wintersem., 1863-1867 a. d. Univ. z. Berlin, v. 3. 
. Hamig, G.: Arch. f. klin. Chir., 1897, 55, 1. 
. Brissaud: Semaine méd., 1895, 15, 326. 
. Marine, D., and Lenhart, C. H.: Arch. Int. Med., 1911, 8, 265. 
. Simmonds, M.: Deut. med. Wehnschr., 1911, 37, 2164. 
. Cowell, S. J., and Mellanby, E.: Quart. J. Med., 1924, 18, 1. 
9. Karsner, H. T.: Human Pathology, Philadelphia, J. B. Lippincott Company, 


. Menne, F. B., Joyce, T. M., and von Hungen, A. P.: Arch. Surg., 1926, 13, 


31. Hoover, C. F.: Am. J. Men. Sct., 1927, 173, 11. 
2. Kolodny, A.: Arch. Path. and Lab. Med., 1926, 1, 37. 
33. Hart, E. B., and Steenbock, H.: J. Biol. Chem., 1918, 33, 313. 
. Smith, G. E.: J. Biol. Chem., 1917, 29, 215. 
35. Marine, D.: Bull. Johns Hopkins Hosp., 1907, 18, 359. 
36. Horsley, V.: Lancet, 1886, 2, 1163. 
‘7. Halsted, W.S.: Johns Hopkins Hosp. Rep., 1896, 1, 373. 
88. Marine, D., and Lenhart, C. H.: Arch. Int. Med., 1909, 4, 253. 
. Marine, D., and Kimball, O. P.: J. Lab. and Clin. Med., 1917, 3, 40. 
. Holst, J., and Lunde, G.: Am. J. Surg., 1929, 7, 39. 
. Ord, W. M.: Lancet, 1898, 2, 1243. 
. Committee on Myxoedema: Trans, Clin. Soc. London, 1881, 21, Suppl. 


1926. 
5 
329. 
¢ 


850 GONCE, MIDDLETON, BRADLEY, NICHOLS: 


THE INEFFICACY OF SPLEEN EXTRACT IN THE TREATMENT 
OF LYMPHATIC LEUKEMIA. 


By J. E. Goncr, M.D., 


ASSOCIATE PROFESSOR OF PEDIATRICS, 


W. S. Mippietron, M.D., 


ASSOCIATE PROFESSOR OF MEDICINE, 


H. C. Brapuey, Pu.D., 
PROFESSOR OF PHYSIOLOGICAL CHEMISTRY, 
AND 


M. S. Nicuous, Pu.D., 


ASSISTANT PROFESSOR OF SANITARY CHEMISTRY, UNIVERSITY OF WISCONSIN, 
MADISON, WIS. 


(From the Department of Medicine, University of Wisconsin.) 


For clinical direction and scientific accuracy it is highly important 
that negative as well as positive results be recorded. Last year 
Pearce! reported an isolated case of acute lymphoblastic leukemia 
in which intramuscular injections of a 40 per cent albumin-free 
solution of hog spleen alternating daily with a 20 per cent solution of 
liver extract, supplemented by the oral administration of liver 
extract, effected an apparently complete recovery. In all 5 injec- 
tions of the liver extract and 10 of the spleen extract were made, 
but the oral administration of the liver extract was continued for 
over 3 months. Since liver and its extracts have proved without 
influence upon the course of leukemia,?:* it was natural to assume 
that the spleen extract was the important element in the therapeu- 
tic result. Shortly following the report of Pearce came a second 
clinical experience suggesting the efficacy of spleen extract intra- 
muscularly administered in leukemic states. Busman and Wood- 
burne* recited the clinical improvement in the cutaneous lesions 
and the disappearance of a leukemic blood picture in a patient 
receiving a series of 24 intramuscular injections of spleen extract 
at semiweekly, weekly and biweekly intervals. An assessment of 
the benefit of this therapy is difficult for the reason that a series of 
4 Roentgen-ray treatments had preceded the trial of spleen extract 
and the most marked improvement in the leukocytic formula had 
attended Roentgen-ray therapy. 

Pearce! gave spleen extract “on the grounds of the connection in 
the etiology and pathology of the disease and the imperfectly 
understood functions cf the spleen.” Busman and Woodburne* 
state that “the possible allergic tuberculomatous type of skin lesion 
associated with the blood picture of a hematopoietic disease led us 
to use spleen extract as a therapeutic agent.” 

‘or the time more interested in the end than means to that end, 
the promise of a therapeutic agent of benefit in lymphatic leukemia 
led us to immediate studies in the preparation of spleen extracts. 
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Neither of the above reports had included this detail. Several 
different methods were pursued and the products labeled as follows: 


Methods. Spleen Extract A: 400 gm. of hog’s fresh spleen was minced 
and mixed with enough water to make 1000 cc. This mixture was then 
boiled and filtered first through cheese cloth and then several times through 
filter paper until the filtrate became brilliantly clear. This final filtrate was 
then candled through a sterile medium Mandler filter, cultured for sterility 
and bottled aseptically. 

Spleen Extract B: 400 gm. of hog’s fresh spleen was minced and mixed 
with 600 cc. of 95 per cent aleohol. This mixture was rendered more inti- 
mate by shaking for 15 minutes, after which it was kept in a cold room. 
Thereafter it was removed to a warm room for 24 to 48 hours. Then it was 
squeezed through cheese cloth and filtered through paper. The filtrate 
was evaporated to about 300 cc. in vacuo at 40° C. By this manipulation 
most of the alcohol was removed and much of the lecithin precipitated. 
It was next filtered again, but the finely dispersed lecithin passed through 
the filter. To the milky filtrate was added about 1 per cent fuller’s earth. 
The whole was thoroughly mixed and filtered through filter paper; where- 
upon the filtrate became clear and of a golden brown color. This clear 
filtrate was then candled through a sterile medium Mandler filter, tested 
for sterility and bottled aseptically. 

Spleen Extract D: While still warm at slaughter the spleens were removed 
from swine and plunged into boiling water. After boiling for 5 minutes 
they were hashed to a fine pulp and about one-third of their volume of dis- 
tilled water added. This mixture of 3 parts of spleen pulp plus 1 part of 
water was gradually brought to a boiling point. Its reaction was adjusted 
immediately to pH 5.4 by the addition of ¥ hydrochloric acid. The mash 
was boiled for 5 minutes and then squeezed through cheese cloth. The liquid 
was filtered through filter paper and the filtrate concentrated to one- 
quarter its volume by distillation at 85° C. in vacuo. This concentrate, 
which was quite turbid, was candled without preliminary clarification 
through a medium Mandler filter. The gold yellow filtrate was tested for 
sterility and bottled aseptically. Six hundred ce. of spleen extract D were 
derived from about 6 kilos of fresh spleens. 

Spleen Extract C: This extract was prepared in the same manner as D, 
except that the spleens were ground at the packing-house and _ boiled 
immediately without adjustment of pH. This control of the reaction was 
made at the laboratory and the mixture boiled again. 

Spleen Extract 6 B: A portion of spleen extract B was evaporated under 
reduced pressure to one-sixth of its volume, candled, tested for sterility 
and bottled. 

Powdered Spleen Extract D: 400 ce. of spleen extract D was evaporated 
over a water bath to a syrupy consistency and poured into a large volume 
of 95 per cent alcohol. The sticky mass was collected and dried in scales 
and from this amount of liquid extract 30 gm. of dry extract was obtained. 
This dry extract represented about 4 kilos of fresh spleens. The dry extract 
was divided into 3 gm. lots, each representing 400 gm. of fresh spleen. 

(In the clinical trial of these several extracts the substance will be referred 
to by letter.) 

Case Reports. Case 1.—The first patient appearing for treatment was 
a 10-month fernale infant presenting the classical features of lymphoblastic 
leukemia. The history dated back about a month when the infant became 
tired in appearance and “not as good natured” as usual. Ten days prior 
to admission lumps were noted behind both ears and the hair began to fall 
out. The normal weight gain had ceased with the onset of the present 
illness but there had been no weight loss. The appetite had been reduced. 
There was some bleeding from the nose and mouth. 
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The infant was fretful. A bluish-gray discoloration and puffiness was 
apparent about the eyes. A general lymphadenopathy was remarked in 
the accessible lymph nodes. The liver extended 4 cm. below the costal 
margin and the spleen, 7 cm. 

The blood examination constituted the most important laboratory detail: 
Hemoglobin, 28 per cent; erythrocytes, 2,830,000; leukocytes, 362,500: 
Differential: neutrophils, 0.8 per cent; lymphocytic series, 99.2 per cent; 
platelets, 10,000. 
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The accompanying chart of the blood picture (Fig. 1) gives an accurate 
analysis of the therapy. In all this patient received 57 intramuscular injec- 
tions of various spleen extracts in doses of 1 to 2 cc. over a period of 63 
days. To this were added several courses of spleen extract by mouth, 5 
blood transfusions and liver extract, orally and intramuscularly. Several 
incomplete remissions occurred but these were apparently without relation 
to treatment. The objective improvement in the general condition of the 
infant was notable during these periods of remission in the blood picture. 
Interestingly, each successive remission was less adequate than its predeces- 
sor and each relapsing peak of leukocytes higher than the previous until a 
level of 725,000 was reached the day before death. While the clinical 
course of this case was unusual in its remarkable remissions (objective and 
blood) and in its duration of almost 4 months, yet occasional instances of 
this type are seen contrasting sharply with the usual progressive downward 
course of much shorter duration in lymphoblastic leukemia. 

A second trial of the spleen extract was afforded by Case 2, a white male, 
aged 29 vears, admitted to the Wisconsin General Hospital on February 1, 
1931, with acute lymphoblastic leukemia. The history which was unusual 
merely in the primary cutaneous lesions, which leukemic infiltrations formed 
a predominant part of the picture to the end. The first of these nodules 
was noted about the left ear after Christmas, 1930; but shortly thereafter 
a vast number appeared over the entire body. The leukocytes numbered 
49,900 on admission with 65 per cent lymphocytes of a very immature 
order. Because of the rapidly progressive superior cyanosis, venous engorge- 
ment of the neck and head and dyspnea from mediastinal pressure, Roent- 
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gensray therapy was utilized as a last resort. A series of 5 Roentgen-ray 
exposures effected considerable reduction in the size of the mediastinal 
lymph nodes with proportional improvement in the above mentioned pres- 
sure phenomena. Spleen extract 8B was injected daily intramuscularly in 
2 cc. doses for 8 days during the first admission prior to the Roentgen-ray 
therapy without effecting any alteration in the blood picture, the local or 
the systemic situations. In fact, during the period of spleen extract exhibi- 
tion the leukocytes rose from 40,900 with 61.5 per cent lymphocytic types 
to 62,000 with 94 per cent of this order. 

After a period of about 2 weeks at home the patient returned to the hos- 
pital March 10, 1931. His condition had advanced markedly. The cutane- 
ous nodules were more abundant and the mucous membranes of the nose 
and mouth showed similar lesions. The liver and spleen which on the 
previous admission had been somewhat enlarged, now extended 8 and 6 ¢m. 
below the costal margins, respectively. The hemorrhagic tendency was more 
marked as evidenced by petechie and epistaxis. The leukocytes at this 
time numbered 547,000 with 99 per cent lymphocytes (largely lympho- 
blasts). From March 15 until just before his death on May 13 this patient 
received daily intramuscular injections of spleen extract B or C in 5-ce. 
doses. The leukocytes ranged between 320,000 and 488,000 for 36 days 
after the institution of this therapy and then there occurred a progressive 
decline to an aleukemic state prior to death without apparent relation to 
treatment. Interestingly, the leukocytes the day before death were 6950 
with 79 per cent neutrophils. 


Only one further trial of spleen extract in the treatment of lympho- 
blastic leukemia has been available. In this instance the substance 


was administered to a patient in extremis and under the conditions 
no judgment of its efficacy could be formed. It has, however, been 
given to 3 patients with chronic lymphocytic leukemia and to one 
with eosinophilic leukemia. The results in all of these cases have 
been entirely negative. A brief outline of the treatment by spleen 
extract in each follows: 


CaskE 3.—A white female, aged 59 years, with chronic lymphocytic leukemia 
marked by cutaneous infiltration was readmitted on September 27, 1930. 
' The local and general response to Roentgen-ray therapy (11 exposures) 
a month previously had been entirely satisfactory. The leukocytes fell 
from 46 to 20 thousand; but the lymphocytic percentage rose from 78 to 86.7. 
The basal metabolic rate over the same period of treatment dropped from 
+38 per cent to +18 per cent. Unfortunately an uncomplicated trial of 
spleen extract was not afforded on the second admission. However, during 
the first month of this period of hospitalization, when she received a series 
of 7 Roentgen-ray treatments, there occurred a rise of the total leukocytes 
from 25 to 35 thousand, the lymphocytic figures being 92 and 86 per cent 
respectively. Furthermore the response of the basal rate was less pro- 
nounced than on the earlier trial, a fall from +32 per cent to +26. On the 
other hand the cutaneous lesions were greatly improved. With the discon- 
tinuance of Roentgen-ray therapy spleen extract was begun. With several 
variations the intramuscular injections of spleen extract A or B, at times 
supplemented by intramuscular injections of liver extract, were continued 
until discharge, 34 days later. A total of 18 injections of 1 to 2 cc. of spleen 
extracts was given without appreciable effect upon the blood picture. The 
white cells numbered 37,000 at the conclusion of this period as compared 
with 35,000 at the outset and the lymphocytes were 92 per cent and 86 
per cent, respectively. 

Case 4.—A white male, aged 56 years, presenting the classical features of 
chronic lymphocytic leukemia of 33 years’ duration was admitted to the 
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Wisconsin General Hospital on October 30, 1930. His prior treatment had 
consisted of repeated series of Roentgen-ray exposures over 2 years; but 
on this admission the severe secondary anemia and profound depression 
precluded further Roentgen-ray therapy. The leukocytes numbered 270,000 
with 96 per cent lymphocytes. A series of 6 intramuscular injections of 
spleen extract B was administered on alternate days without appreciable 
affect upon the leukemic or the general condition. 

Case 5.—A female outpatient, aged 56 years, had suffered from chronic 
lymphocytic leukemia for 5 years. The condition of the skin, pain of peri- 
splenitis and severe secondary anemia necessitated rest from Roentgen-ray 
therapy, which had held the major manifestations of the leukemia fairly 
well under control. Accordingly she was given a series of 8 intramuscular 
injections of 2 cc. spleen extract B on alternate days. The total leukocytic 
count at the outset of this therapy was 135,750 with 92 per cent lympho- 
cytes; whereas at the conclusion the white cells numbered 220,750 with 97 
per cent lymphocytes. 

CasE 6.—A white male, aged 33 years, suffering from eosinophilic leuke- 
mia of 2} years’ duration, received a series of 10 intramuscular injections of 
spleen extracts B or C in 2-ce. doses over a period of 35 days, alternating 
with intramuscular injections of liver extract. On admission the leukocytes 
numbered 14,000 with 72 per cent eosinophils, while on discharge the leuko- 
cytic count was 12,500 with 62 per cent eosinophils. Such fluctuations had 
been frequently observed without relation to treatment. 


Summary. It will be remarked that no such favorable effects as 
reported by Pearce,! and Busman and Wooburne‘ have attended 
the use of various spleen extracts in the group of lymphatic leuke- 
mias above reported. In the cases of lymphoblastic leukemia 
(Cases | and 2) a fair and complete trial of the therapeutic influence 
of several spleen extracts was afforded. In Case 1 there was abso- 
lutely no maintained influence upon the course of the disease. In 
Case 2 the numerical leukocytic count fluctuated widely and toward 
the fatal termination there was a return of the’ normal leukocytic 
formula without coincident improvement in the general condition 
of the patient. The group of lymphocytic leukemias (Cases, 3, 4 
and 5) treated with spleen extract did not offer fair trials of such 
materials because of the complicating Roentgen-ray therapy. Cases 
4 and 5 in particular represented ‘burned out” types in which 
further therapeutic trial of any order would not constitute a real 
test of its efficacy. The case of eosinophilic leukemia (Case 6) 
showed no improvement from the use of spleen extract. 

From these rather inadequate data it may be concluded that the 
spleen extracts prepared by the methods herein described were 
without therapeutic effect in the cases of lymphatic leukemia 
studied. 
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REVIEWS. 


Nucueic Acips. By P. A. LEvVENE, The Rockefeller Institute for 
Medical Research, and LawreENcE W. Bass, Mellon Institute of 
Industrial Research, now Assistant Director of Research, The 
Borden Company. Pp. 337; 14 figures. New York: The 
Chemical Catalog Company, Inc., 1931. Price, $4.50. 


THE publication of a modern review of nucleic acid chemistry 
constitutes a welcome addition to the literature. Since the publica- 
tion of the monograph on nucleic acids by Jones decided advances 
have been made in this field, many of them having originated in the 
laboratory of the senior author. The present volume summarizes 
the progress made to date in this highly involved subject. 

The important réle played by titration curves and other physico- 
chemical measurements in determining the structure of nucleic 
acids is fully presented. Particular attention is also paid to the 
enumeration of the physical and chemical properties of the most 
important products of nucleic acid hydrolysis. Special emphasis 
is laid on the chemistry of purins and pyrimidins, whereas less 
space is devoted to the sugars since these have been dealt with in 
detail in various other monographs. J. A. 


MEDICINE, SCIENCE AND ArT. By ALFRED E. Conn. Pp. 212. 
Chicago: The University of Chicago Press, 1931. Price, $4.00. 


Wit the welter of newly ascertained facts that is constantly 
being added to the medical sciences, it is highly desirable that more 
thought be given to the nature of the motives activating these accu- 
mulations, and especially is it profitable when these thoughts are 
expressed by one who has himself worked productively in these 
fields. We may not agree with all of the author’s views. Of course, 
“all is not well with medicine,” but it never has been. Particularly 
is this apt to be the case when rapid advances—the decades of today 
being more than equivalent to centuries of the past— make adapta- 
tions more difficult. Nevertheless, the volume of intelligent thought 
now being given to medical problems shows at least the healthy 
search for improvement that is taking place in this country. 

The six essays reprinted from various sources (“The Difference 
Between Art and Science in Their Relation to Nature,” “The 
Development of the Harveian Circulation,” “Purposes in Medical 
Research,” “ Medicine and Science,” “Physiology and Medicine,” 
“The Hierarchy of Medicine’), bear directly on medical trends, 
except the first, which has obvious indirect relations. We agree, 
then, with the author as to the relatedness of his essays and agree, 
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too, with the main points of the policy that he has formulated for 
himself. Like him, we hold that the objects of art and science are 
but partly alike, that their methods are usually strikingly different; 
but that both have their roots in nature and in the experience of 
man, and that some attributes of the artist are often invaluable to 
the scientist—as well as the practitioner. We agree too that in the 
long run disease must henceforth be studied primarily by medical 
scientists and that it is as hard for the practitioner to contribute 
to his science as it is for the practising engineer to contribute to 
pure physics. The neutral ground between investigation and prac- 
tice on the one hand, and the sister sciences on the other, these are 
crucial points that are chiefly analyzed in some detail in the essays 
at hand. If more of our profession could possess the general culture 
that the author betrays, the handling of both of these problems 
would be greatly simplified. E. K. 


Proctroscopic EXAMINATION AND THE TREATMENT OF HEMORRHOIDS 
AND ANAL Pruritus. By Louis A. Bure, B.A., M.D., F.A.CS., 
Section on Proctology, The Mayo Clinic, and Associate Professor 
of Surgery, The Mayo Foundation. Pp. 178; 72 illustrations. 
Philadelphia: W. B. Saunders Company, 1931. Price, $3.50. 


Tuis manual of 170 pages and about 70 illustrations, most of 
which are original and valuable adjuncts to a clear understanding 
of the subjects therein, contains the latest information of the 
methods of treatment explained in a clear and concise manner: It 
is interesting to note that 1 out of every 5 cases, seen in the Mayo 
Clinics between 1910 and 1922 with carcinoma of the rectum or 
sigmoid, had been operated upon for hemorrhoids or treated symp- 
tomatically for irregularity, thus indicating the urgent necessity of 
works on this kind being in the hands of the general profession. 

The author wisely is opposed to the indiscriminate use of opiates, 
especially their use for the relief of pain in the postoperative period, 
for usually this drug adds fuel to the fire as it produces subsequent 
constipation, lessens the patient’s ability to bear pain and in many 
instances has been known to produce addicts. 

The nonsurgical treatment of hemorrhoids is thoroughly discussed, 
especially that of the injection method. Its limitations and dangers 
are fully covered. It is a question in the Reviewer’s mind if he 
understood the author’s statement correctly, that in said cases the 
region is divided into 4 sections or quadrants and each of these 
may be treated over a period of 4 succeeding days. The Reviewer 
would question such a procedure, as the reaction would more than 
likely produce serious trouble, especially would this be the case if 
the advice were to be followed generally by those not so experienced 
as Dr. Buie. 
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The treatment of that most distressing condition known as anal 
pruritus is considered in a most thorough manner, and after discuss- 
ing various means and measures employed by others the author 
indicates his choice of treatment. L. A. 


Mepicant ADMINISTRATION OF TEACHING Hospitats. By EMMET 
B. Bay, M.D. Pp. 136. Chicago: University of Chicago Press, 
1931. Price. $2.00. 


A VALUABLE and interesting discussion of the important problems 
of medical administration and how they are being handled in 19 
teaching hospitals, together with the conclusions of the author as 
to their best solution. Some of the topics considered are: The 
admission of patients, contact with the referring physician, the 
allocation of beds to services and specialties, medical records, organ- 
ization of the attending staff, general administrative organization, 
administration duties of clinicians and residents. While these 
matters are considered from the standpoint of the teaching hospital, 
they nevertheless have practically the same aspects in most hospi- 
tals. The Reviewer finds himself heartily in accord with the 
author’s views, and feels that if members of hospital managing 
boards as well as administrators and the staff personnel would 
familiarize themselves with this little book they would be helped 
greatly in solving the problems which they have in common. 


R. k. 


ANNALS OF THE PICKETT-THOMSON ReEsEARCH LABoRATORY. Vol. 
VU, July, 1931. Pp. 441; 35 plates. Baltimore: The Williams 
& Wilkins Company, 1931. Price, $10.00. 


VoutumE VII of the Annals of the Pickett-Thomson Research Labora- 
tory is divided into 3 sections, dealing with the réle of the strepto- 
cocci in erysipelas, skin diseases and measles. 

Quotations are freely made from the 1600 references on the 
organisms found in these 3 conditions, their specificity, cultural 
and biologic characteristic production and efficacy of antisera, 
antitoxins, ete. Each section is supplemented with photographs 
of recognized type organisms in smear and on culture; for erysipelas. 
Birkhaug; for measles, Tunnicliff, Ferry and Fisher, etc. The 
authors also illustrate a small Gram-negative bacillus that they 
isolated from the throats and skin of cases of measles. 

However, they conclude in their summary “further careful 
investigation is required with regard to the bacterial flora found in 
the respiratory tract and in the blood, ete., of measle cases. The 
organism of Caronia, a specific streptococcus, and the pleomorphic 
Gram-negative bacilli described by the authors, all require further 
investigation before they can be entirely ruled out of account.” 
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“The cause of measles has not vet been discovered, and it seems 
likely that the disease is caused by an invisible noncultivable filter- 
passing virus.” 

They are “still convinced of the great value of Crowe’s medium 
in the differentiation of the multifarious species of streptococci”’ 
and offer promise of progress by attempting to standardize its 
preparation, controlling moisture content, ete. 

This volume forms a worthy successor to previous issues and is 
a mine of information on the bacteriology, biology and treatment 
of erysipelas, measles and various skin diseases. a. & 


EXPERIMENTAL STUDIES IN THE CouRSE OF PARATYPHOID INFEC- 
TIONS IN A-VitTaminoTic Rats. By H. C. A. Lassen. Trans- 
lated from the Danish by Hans ANDERSEN, M.D. Pp. 248; 
illustrated. Copenhagen: Levin and Munksgaard, 1931. 


A CAREFUL review of the clinical and experimental literature upon 
the resistance to infections in the A-vitaminoses is given. 

The author then reports in detail his own experiments upon the 
resistance of rats upon optimal and A-vitaminotic diets, to infection 
by ingestion of organisms belonging to the paratyphoid group. He 
concludes that the lowered resistance of the avitaminotic group is 
directly related to the vitamin deficiency. 

The translation is satisfactory, although in places a little clumsy. 


E. W. 


THE FounpaTion oF Mepicat History. By Stk D’Arcy Power, 
K.B.E., F.R.C.S. (ENG.), Consulting Surgeon to St. Bartholo- 
mew’s Hospital, Honorary Librarian of the Royal College of 
Surgeons, Ete. With an Introductory Note by Wituiam H. 
We tcu. Pp. 182; 3 illustrations. Price, $3.00. 


THE foundation of the Institute of the History of Medicine at 
John Hopkins 3 years ago is rightly considered an event of major 
importance in the medical advance of this country. We may look 
on it as a center from which will radiate not only genial and impor- 
tant influences on the cultural level of physicians in general, but 
also in time valuable scholarly contributions to little known phases 
of medical history in this and other continents. In the first cate- 
gory belongs this first publication from the Institute, a series of 
6 lectures—“ pointing the way along several roads’’—by last vear’s 
visiting lecturer, who is amply qualified both by his persuasive 
personality and by his achievements in the field of medical history 
to inaugurate what we hope and expect to be a “bahnbrechende” 
series for his country. 

In the Story of the Oldest British Hospital, with which the author 
has been connected for 52 years, he tells more than enough to lead 
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us on to Sir Norman Moore’s more complete narrative. Dining 
With Our Ancestors describes chiefly the vicissitudes of the British 
3 square meals a day through the centuries. In Biography a deeper 
note is struck, being a stimulating analysis of the nature of biog- 
raphy, its two chief varieties and what it should and should not be. 
The author’s long experience with the Dictionary of National 
Biography shines through his paragraphs. The field of Iconography, 
“the description or illustration of any object by means of drawings 
or figures,’’ is illustrated by Spielman’s Vesalius and the author's 
Portraits of Wiliam Harvey. Enough details about Lister and 
Paré whose “iconographies cry aloud for consideration,” are given 
to stimulate some reader to undertake the task. In the same way 
in Bibliography interesting descriptions and analyses are used as 
vehicles for conveying suggestive topics to budding historians. 
And, finally, Aristotle’s Masterpiece tells the story of a “hoary old 
debauchee”’ that is still to be bought in second-hand book shops. 
Through 427 years in which its 66 or more editions have persisted, 
primitive folklore, pre-Vesalian anatomy and the ever-present chi- 
canery of pseudo-science have persisted in ministering to the itch 
of the prurient and in duping the ignorant—truly a lesson of value 
to even the most practically minded of our profession. 


Tue Vitamins. Monograph Series No. 6. By H. C. SHerman, 
Mitchill Professor of Chemistry, Columbia University, and S. L. 
SMITH, Senior Chemist, Office of Experiment Stations, United 
States Department of Agriculture. Pp. 525. Second edition. New 
York: The Chemical Catalog Company, Inc., 1931. Price, $6.00. 


PROGRESS in vitamin research in the 10 years since the publication 
of the first edition of The Vitamins has been so phenomenal that a 
second edition was imperative. In fact, so much additional mate- 
rial has now accumulated that the original monograph has expanded 
to the size of a textbook, with a bibliography of 181 pages, the 
titles of which alone constitute a history of investigations in this 
field of nutrition. 

The application of quantitative methods is largely responsible 
for the deepening of knowledge on this important subject. While 
the exact chemical constitution of the vitamins has not been deter- 
mined, much more is known than formerly about their chemical 
and physical reactions. The vitamin content of various foodstuffs 
and the effect upon the vitamins of exposure to the conditions to 
which these are subjected has been widely studied. The vitamin 
requirements of animals and man have also received much attention. 

Further differentiation of the fat-soluble and water-soluble vita- 
mins has added to the list of vitamins and offers the possibility of 
increasing their numbers. There are now 6 recognized vitamins. 

The whole history of the vitamins up to 1930 is complete in this 
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book and is presented in such a way that not only the professional 
chemist to whom it is primarily addressed, but all who are inter- 
ested—scientific workers, clinicians, students and other informed 
readers—will find helpful information in the phase of the subject 
that most interests them. E. W. 


Tue Earty History or YELLOW Frver. By HeENry 
Carter, M.D., Assistant Surgeon-General (Retired), United 
States Public Health Service. Edited by Laura ARMISTEAD 
CarTER and WapE Hampton Frost. Pp. 308; 5 illustrations. 
Baltimore: The Williams & Wilkins Company, 1931. Price, 
$5.00. 


“THis new and important study has a most interesting back- 
ground. It was prepared by the late Dr. Carter, at the instance 
of officials of the Rockefeller Foundation, in the closing years of 
his life. It was known that Dr. Carter’s time was limited, a restric- 
tion which indeed dictated to a degree the scope and extent of the 
manuscript, and it seemed necessary to record and perpetuate the 
contribution to the study of yellow fever which he was uniquely 
qualified to make. The manuscript was brought to virtual com- 
pletion only at the expense of working throughout an illness severe 
enough to confine him to bed for long intervals, and during his last 
year, continuously. . . . There are many controversial ques- 
tions relating to vellow fever. Many of the reports and accounts 
of the past are unreliable and contradictory. Much hot and bitter 
controversy has developed. 

“Dr. Carter’s manuscript attacks the problem from the viewpoint 
of the epidemiologic factors. These are known; the historical data 
are in dispute. So the work may be looked upon as, in part, an 
amplification and correction, or at least a testing, of the history in 
the light of the known epidemiology. Thus many of the historical 
questions may be settled definitely. If, for instance, yellow fever is 
reported as continuing for a term of years under conditions which 
render continuance impossible, it is known that the disease could not 
have been yellow fever. 

“Quite as much epidemiology and bacteriology as history is there- 
fore presented. Dr. Carter wrote from first-hand information and 
this, coupled with the unusual approach to the problem, results in a 
study of particular point and value.” 

After consideration of the epidemiology of yellow fever (46 pages) 
and diseases which may have been eonfused with it (32 pages) the 
author goes at length into the various sites that might be regarded 
as its place of origin. He concludes that both biologic and historical 
evidence, without being conclusive, point strongly to its African 
origin. Though, Dr. Carter died in 1925, and considerable water 
has flowed through the mill since that time, this book should long 
retain its interest and value. EK. Kk. 
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Man and Medicine. By Dr. Henry E. Stcerist, Professor at the Univer- 
sity of Leipzig. Introduction by Dr. Wiiu1am H. We tcu, Professor of 
the History of Medicine, The Johns Hopkins University. Translated 
by Margaret GALT Botse. Pp. 340. New York: W. W. Norton & 
Co., Ine., 1932. Price, $4.00. 

The Story of Medicine. By Vicror Roxpinson, M.D., Professor of History 
of Medicine, Temple University School of Medicine, Philadelphia. 
Pp. 527. New York: Albert and Charles Boni, 1931. Price, $5.00. 

Cytology and Cellular Pathology of the Nervous System. Three volumes. 
By various contributors. Vol. J: Neurones, Nerve Sheaths and Nerve 
Endings. Vol. II: Neuroglia, Microglia, Blood Vessels, Meninges, Pineal, 
Pituitary, Eye. Vol. III: Neoplasms, Malformations, Reactions. Pp. 
1280; 886 illustrations, 15 in color. New York: Paul B. Hoeber, Inc., 
1932. Price, $30.00. 

Italian Medicine. Vol. VI of Clio Medica. By Arturo CastiGiiont, M.D., 
Professor of the History of Medicine, Royal University of Padua, Italy. 
Translated by E. B. Krumpyaar, M.D., Professor of Pathology, Uni- 
versity of Pennsylvania. Pp. 134; 11 illustrations. New York: Paul B. 
Hoeber, Inc., 1932. Price, $1.50. 

Biochemistry in Internal Medicine. By Max Trumper, Pu.D., Clinical 
Chemist and Toxicologist, Jefferson Medical College and Hospital, and 
ABRAHAM CanTAROW, M.D., Instructor in Medicine, Jefferson Medical 
College. With a Foreword by Etmer H. Funk, M.D., Sutherland M. 
Prevost Professor of Therapeutics at Jefferson Medical College. Pp. 454; 
11 illustrations. Philadelphia: W. B. Saunders Company, 1932. Price, 
$5.50. 

The Cambridge Medical School. By Str Humpury Davy Ro 
Bart., G.C.V.O., K.C.B., M.D., Hon. D.Sc., D.C.L., LL.D., Regius 
Professor of Physic in the University of Cambridge, ete. Pp. 235; illus- 
trated. New York: The Macmillan Company, 1932. Price, $5.00. 

Intracranial Tumors. By Harvey Cusuina, Professor of Surgery, Har- 
vard Medical School; Surgeon-in-Chief, Peter Bent Brigham Hospital, 
Boston. Pp. 150; 111 illustrations. Springfield, Ill.: Charles C Thomas, 
1932. Price, $5.00. 

Man and Microbes. (A Century of Progress Series.) By STANHOPE 
BayneE-JoNES, M.D., Professor of Bacteriology, School of Medicine and 
Dentistry, University of Rochester. Pp. 128, 17 illustrations. Baltimore: 
The Williams & Wilkins Company, 1932. Price, $1.00. 

The Wisdom of the Body. By Waurrer B. Cannon, M.D., Sc.D., LL.D., 
George Higginson Professor of Physiology, Harvard Medical School. 
Pp. 312; 41 illustrations. New York: W. W. Norton & Co., 1932. 
Price, $3.50. 

A Text-Book of Human Physiology. By August Krogu, Px#.D., LL.D., 
Professor of Zoéphysiology in Copenhagen University, Copenhagen. 
Revised and Edited by KarHertne R. Drinker, A.B., M.D., Formerly 
Research Assistant in Applied Physiology, Harvard Medical School, 
Boston. Pp. 233; 108 illustrations. Philadelphia: Lea & Febiger, 1932. 
Price, $2.75. 

Abstracts, Proceedings of Meetings of the New York Pathological Society, 
held November 19 and December 17, 1930; January 22, February 26, 
March 26, April 23 and May 28, 1931. Reprinted from Archives of 
Pathology. Pp. 56; 2 illustrations. 
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Publications of the Committee on the Costs of Medical Care. No. 13. A 
Survey of the Medical Facilities of the State of Vermont. By ALiLon 
PEEBLES, Po.D. Pp. 70. Price, $1.50. No. 15. Midwives, Chiropodists, 
and Optometrists. By Louis 8. Reep, Pu.D. Pp. 321; 97 tables. Price, 
$1.00. Chicago: The University of Chicago Press, 1932. 

The White House Conference Publications on Child Health and Protection. 
New York: The Century Company, 1932. Growth and Development of 
the Child. Part III. Nutrition. Report of the Committee on Growth 
and Development, Kennetru D. Biackran, M.D., Chairman. Pp. 532; 
various tables and charts. Price, $4.00. Obstetric Education. Report 
of the Subcommittee on Obstetric Teaching and Education, Frep LyMAn 
Apatr, M.D., Chairman. Pp. 302; various tables and charts. Price, 
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Clinical Atlas of Blood Diseases. By A. Pinry, M.D., M.R.C.P., Director 
of Pathological Department, The Cancer Hospital, London; Consulting 
Pathologist, Chelmsford Hospital, and Srantey Wyarp, M.D., M.R.C.P., 
Physician, The Cancer Hospital, London, and Princess Beatrice Hospital. 
Pp. 105; 38 illustrations, 34 in color. Second edition. Philadelphia: 
P. Blakiston’s Son & Co., Inc., 1932. Price, $4.00. 

One of the best of these atlases that has come to our attention. If not mis- 
understood as replacing text-books, these little books have important uses. 

A Text-book of Psychiatry. By D. K. Henprrson, M.D. (Eprn.), 
F.R.F.P.S. (Guias.), Physician-Superintendent, The Glasgow Royal Men- 
tal Hospital, and R. D. M.D. (Guas.), M.R.C.P., D.P.M., 
(Lonp.), Physician for Psychological Medicine, Guy’s Hospital, London. 
Pp. 595. Third edition. New York: Oxford University Press, 1932. 
Price, $4.50. 

A new chapter on the Psychiatry of Childhood is given excellent treatment 
and the inclusion of a brief survey of the United States laws governing mental 
diseases is helpful. No superior to this volume has been written in English in our 
opinion. 

Medical Formulary. By E. Quin THornton, M.D., Assistant Professor 
of Materia Medica in the Jefferson Medical C ollege, “Philadelphia. Pp. 
352. Thirteenth edition revised. Philadelphia: Lea & Febiger, 1932. 
Price, $2.50. 

Keeps well up to date in the wilderness of new remedies that are constantly 
being brought out. 

Manual of Bacteriology. By Rosertr Mutr, M.A., M.D., Sc.D., LL.D., 
F.R.S., Professor of Pathology, University of Glasgow, and The Late 
JAMEs Ritcute, M.A., M.D., F.R.C.P. (Eprn.), Late Irvine Professor of 
Bacteriology, University of Edinburgh. Revised by Cart H. Brownina, 
M.D., D.P.H., F.R.S., Gardiner Professor of Bacteriology, University 
of G lasgow, and THOMAS J. Mackie, M.D., D.P.H., Irvine Professor of 
Bacteriology, University of Edinburgh. Pp. 866; 212 2 illustrations, 6 color 
plates. Ninth edition. New York: Oxford Univ ersity Press, 1932. 
Price, $4.75. 

A concise treatment covering a very extended field. Illustrations and prac- 
tical procedures are included. S. M. 

Applied Pharmacology. By A. J. Cutarx, M.C., M.D., F.R.C.P., F.R.S., 
Professor of Materia Medica and Pharmacology in the University of 
Edinburgh. Pp. 590; 72 illustrations, 50 tables. Fourth edition. Phila- 
delphia: P. Blakiston’s Son & Co., Inc., 1932. Price, $4.00. 

This well-known work has been brought up to date by the incorporation of 
material dealing with recent advances in the fields of vitamins, endocrines, vegeta- 
tive nervous system, circulator regulation, etc. Its viewpoint is more physiologi- 
cal than is the case with other English and American texts on pharmacology. C.S. 
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Pellagra: Analysis of 102 Cases.—The present study (BoGes and 
Pancet, Bull. Johns Hopleins Hosp., 1932, 50, 21) is based upon the 
observations of the senior author in the medical service of the Baltimore 
City Hospital for a period of 20 years. The discussion of the disease, 
pellagra, calls attention to a classification of pellagra which seems to 
the authors to be rather clearly defined: (a) Simple pellagra; (b) post- 
alcoholic variety, and (c) pellagra arising as a complication of some other 
disease. In the first group there were 31 cases, in the second group 40, 
and in group three 31. The onset of the pellagrous lesions was not char- 
acteristic of the seasonal peak observed in the South in early spring. 
Most of the patients on admission complained of dermatitis; diarrhea 
was next in frequency, as an entering complaint, and sore mouth was 
third. One-fifth of the patients were admitted with complaints unas- 
sociated with pellagrous lesions. The patients with a history of having 
used alcohol to excess present the most interesting problem. Of the 
40 cases, 36 when they entered the hospital had been on a spree lasting 
from 4 to 6 weeks, while the 4 had for long periods taken a daily ration 
of distilled liquor. The further statistical study of these cases as a 
whole showed that the skin lesions were present on the dorsum of the 
hand in each case. Stomatitis was present in three-fourths of the cases, 
as was the diarrhea. Forty-five per cent of the patients had involve- 
ment of the spinal cord, lesions of which resemble subacute combined 
sclerosis with a tendency toward involvement of the posterior columns. 
Apparently the degree of involvement was not marked. One-half of 
the patients showed some type of psychosis. An anemia was found in 
80 per cent. Ninety per cent of cases showed an absence of free hydro- 
chloric acid when this examination was carried out. In the treatment of 
this group as a whole, the most satisfactory results were obtained with 
a liver diet. Without the liver diet 69 per cent of the patients died. 
On a liver diet approximately 20 per cent succumbed. The recovery 
figures correspond with the rate for death. The central nervous system 
symptoms apparently were not affected to any very great extent by the 
liver feeding. The question of why there should be any association 
between alcoholism and pellagra has arisen. The authors write that 
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three theories suggest themselves to explain this relationship: first, 
that the pellagra is dependent upon the presence of some deleterious 
element in the alcoholic drink; second, that it may depend upon simple 
withdrawal of food, but this does not explain it, as many of these people 
still take large quantities of alcohol daily and yet eat their customary 
ration, nor does the hypothesis that there may be some toxic substance 
in the alcohol afford a satisfactory answer, as the sources of the alcohol 
are too varied to suggest a constant type of poisoning, The third 
theory seems to be the likely one. Either the alcohol destroys the pella- 
gra-preventive factor in the gastrointestinal tract or the gastrointestinal 
tract is so altered by the alcohol that it is incapable of assimilating the 
pellagra-preventive factor. This latter assumption would seem to be 
the correct answer to the enigma. It would explain also the pellagra 
which develops in cachectic states. While the authors do not mention 
this fact, it would seem likely that this explanation affords a solution 
of the paradox in which the severely ill pellagrin, despite adequate 
diet, continues to go down hill. It would seem in these cases that the 
gastrointestinal tract is so altered, probably by the pellagra itself, 
that the pellagrin is unable to make use of the factor which might 
prevent progress of the disease. 
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The Union of Grafts of Live and Preserved Fascia With Muscle.— 
Haas (Arch. Surg., 1931, 28, 571) says that dead, preserved fascia lata 
united with muscle, just as rapidly and as firmly as did live fascia lata. 
The union of both dead and live fascia depended mainly on the ingrowth 
of the endomysium and perimysium. The muscle cells themselves 
appears to be transformed into elements of fibrous tissue and to aid 
in the uniting process. There was some evidence that the preserved 
fascia lost some of its elasticity and stirred up more reaction in the 
surrounding tissue than did live fascia. Dead, preserved fascia may be 
used clinically for union with a muscle, but it seems advisable to utilize 
the fascia, if possible, because the latter appears to be transformed into 
tendinous tissue more readily. ; 

Some Angiospastic Syndromes in the Extremities.—Morron AND 
Scott (Ann. Surg., 1931, 94, 839) say that the increased interest in the 
peripheral vascular diseases has focused attention especially on the 
lesions associated with spasm of the vessels. This is a natural reaction, 
because it is in this group that therapeutic relief can be looked for more 
hopefully in a large proportion. There are several types of angiospasm, 
which can be recognized and separated into major groups as follows: 
(a) In organic vascular disease; (b) idiopathic paroxysmal (Raynaud’s) 
disease; (c) dependent upon organic or functional nervous diseases; (d) 
consecutive to trauma; (¢) venospasm. In Raynaud’s disease the funda- 
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mental abnormality is a hypersensitivity of the peripheral arteries to 
cold. However, vasoconstrictor impulses play an important réle by 
initiating and accentuating many of the attacks. Consequently the 
advisability of removing the sympathetic innervation can be deter- 
mined by the effect of regional anesthesia in releasing the spasm during 
an attack. Organic and functional nervous disorders frequently are 
accompanied by an accentuated vasoconstrictor tone locally. Trauma 
in the extremities may be followed by an arterial spasm, frequently 
associated with pain. This is probably due to vasoconstrictor impulses 
induced by reflex afferent stimuli from the traumatized area. The 
authors believe that such a reaction is a fundamental response incident 
to trauma and scar formation. There is an individual variation in the 
degree of manifestation of this reaction and it may be present as a latent 
hypersensitivity to cold. Evidence has been presented that angio- 
spasm affecting principally veins occurs as a clinical entity. 
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The Copper Content of Human Milk and of Cow’s Milk.—In contrast 
to potassium, sodium, calcium and magnesium, no physiologic réle has 
been ascribed to the traces of aluminum, copper, manganese, vanadium 
and zine which are found in the animal body. Copper has only recently 
been shown to have a constant level in the blood stream. Steenbock 
demonstrated that white rats underfed with cow’s milk show arrested 
growth and an anemia which can be cured only by the administration 
of copper salts. This experiment suggests that cow’s milk is poor in 
copper. ZONDEK and BanpMAN (Alin. Wehnschr., 1931, 10, 1528) inves- 
tigated the comparative copper content of human and cow’s milk. 
fighty-five samples of human milk and 90 of cow’s milk were analyzed 
by the Warburg method. The human milk was uniformly richer in 
copper. The cow’s milk contained traces of copper so slight that they 
could not be demonstrated with the Warburg method but only with the 
Ashing process. The average copper content of the cow’s milk was 
0.15 to 0.2 mg. per liter; and that of the human milk 0.5 to 0.6 mg. per 
liter. No definite change in the copper content was observed at differ- 
ent periods of lactation. An infant fed on cow’s milk usually receives 
the milk doubly diluted, and as the water is practically copper free, the 
copper concentration is reduced by half. All the foodstuffs used in the 
formula are poor in copper. Anemia among infants who are artificially 
fed is probably more common than is realized. Copper prophylaxis 
among artificially fed infants therefore is rational. 
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Histamin in the Treatment of the Rheumatoid Diseases.-— Mature 
consideration of the various remedial measures which have proved more 
or less effective in the relief of pain in the rheumatoid affections leads 
Dezso Derutscn (Med. Alin., 1931, 27, 1491) to the conclusion that 
their therapeutic actions have the common characteristic of producing 
hyperemia in the skin or muscles, or both, of the affected region. On 
the basis of the demonstrations by Lewis and others that mechanical, 
thermal and other procedures causing hyperemia do so by the local 
liberation in the tissues of histamin, the author sought to employ this 
agent directly. He finds that the subcutaneous or intramuscular injec- 
tion of histamin is capable of producing a local vasodilatation which is 
accompanied by considerable amelioration of pain and relaxation of 
muscle spasm. The injection methods, however, are associated with 
unpleasant general histamin reactions which render their therapeutic 
use unsatisfactory. He finds, however, that it is possible to introduce 
satisfactory quantities of histamin locally into the tissues by cataphor- 
esis. Controlled observations show that the electrical current applied 
exerts no beneficial action. He has investigated the results of this 
method of treatment in some 250 cases and finds that in the majority 
the pain and muscle spasm are both relieved promptly, usually tem- 
porarily, even by the first treatment. The conditions responding most 
satisfactorily are myalgia, arthritis deformans and chronic polyarthritis. 
Sciatica does not respond but pseudosciatica, which seems to be due 
primarily to muscle spasm yields promptly to treatment. Although 
periosteal pain may be diminished in about half the cases, the relief is 
purely transitory. The observation of outstanding interest is that 
histamin cataphoresis produces relief more rapidly than does any other 
procedure. It is a fact also that it seems to be potent in a great many 
conditions in which relief is difficult to obtain by any other therapeutic 
procedure. 
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Physical Analysis of the Adolescent Problem.—Topp (Am. J. Dis. 
Child., 1932, 43, 533) states that the reproductive function presupposes 
an organism substantially fully developed. Consequently, although 
the general broad lines of sexual development were established very 
early in the process, the reproductive organs lie fallow for a long period 
of time, during which growth of the body and adaptation of response 
are developed before Nature returns to the completion of her task. 
In contrast with the rapidity of attainment by lower mammals of 
bodily maturity is the relative tardiness of primate development. 
Actual bulk is of secondary importance. A relatively long early child- 
hood and rapid adolescence are characteristic of all primates except 
man, who takes from the sixth to the twentieth year to accomplish the 
development which is covered by the anthropoid in 2 years. What 
Nature does well she does quickly, but at the cost of considerable 
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strain on the organism. ‘The dangers to life in the adolescent anthro- 
poid are reduced to difficulties to mere disordered progress in the long- 
attenuated adolescence of man. A long adolescent period maintains 
a plastic state of accumulation and registration of experiences before 
the human organism crystallizes into maturity. The human brain is 
substantially adult in pattern at 6 years. Thereafter mental develop- 
ment is dominated by finer discriminations of judgment trained by 
experience. Hence adolescence is characterized by mental, rather than 
by physical, complexities. Since adolescence is but a phase of child- 
hood on the threshold of maturity, it falls into the scope of the pedia- 
trician rather than of the internist. The supposed individual varia- 
tions in date of inception and in sequence of expression of the phe- 
nomena of adolescence are to be attributed to the interplay of factors, 
mainly internal and endocrine in origin, the combination and precise 
significance of which are still to be defined. Intimately bound up with 
these is the progress to maturity of the skeleton, the adolescent features 
of which, such as date and velocity of epiphyseal union, act as a register 
of progress. On a single examination they give a definition of status 
serial or periodic roentgenographic examinations of the skeleton provide 
a measure of progress. This physical expression is not an academic 
finding but an exceedingly important indicator of constitutional health 
or defect and may be applied with confidence in the assessment of 
developmental growth. = 

Dried Lactic Acid Milk as a Long-continued Diet for Infants.— 
Hess and Rosins (J. Am. Med. Assn., 1932, 98, 1250) made this 
comparative feeding study with the idea of evaluating the effect on 
growth and development of infants following long-continued feeding 
with dried lactic acid milk. With special regards to rickets they offer 
the following observations: Of the 18 breast-fed infants 1 showed 
mild clinical rickets between the fifth and ninth months. Roentgeno- 
grams in this case were negative. Only 5 of the babies were on breast 
feeding exclusively for a period longer than 25 weeks. This partly 
accounts for the low percentage of cases of rickets recorded in the breast- 
fed group. Of the 8 breast-fed infants in whom the breast feeding was 
later complemented by Merrell-Soule powdered lactic acid milk 2 had 
mild rickets, with positive Roentgenograms in 1, and 1 had moderate 
rickets with considerable bone change. In the 2 infants showing 
rickets by Roentgen rays the one with considerable bone change was 
on breast and complement to the age of 16 weeks, after which she was 
on Merrell-Soule dried lactic acid milk for the following 5 months. 
The second infant showing moderate bone changes had been on breast 
milk complemented by Merrell-Soule for 15 weeks and received the 
Merrell-Soule dried milk for the following 4 months. This infant, the 
only one in the entire group of 85 cases showing any considerable bone 
changes, had a moderate case of eczema and a diarrhea developed 
which required hospitalization for a period of 2 weeks during the fifth 
month. In the 7 infants in whom breast feeding was complemented 
with Mead Johnson dried lactic acid milk mild clinical rickets with 
slight bone changes developed in 2 and in another there was a moderate 
clinical rickets. None of these showed roentgenographic evidence of 
bone change. Of the 5 infants on fluid cultured lactic acid milk mild 
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clinical rickets developed with slight bone changes in 1 and moderate 
clinical rickets without Roentgen evidence in 1. Of 5 infants on sweet 
cow’s milk plus U.S. P. lactic acid mild clinical rickets with slight bone 
changes developed in 1. Of 30 infants on dried Merrell-Soule lactic 
acid milk 6 showed mild clinical rickets and 1 of these slight bone 
changes. These 30 infants were all fed dried lactic acid milk from the 
third week of life, and 20 of these were on this feeding for 6 months 
or longer and 12 of them remained on this diet throughout their 
eighth month. Of the entire group of 85 cases only 1 showed marked 
bone changes. This is the one mentioned above who had eczema and 
an attack of diarrhea that required hospitalization. Rickets was 
evidenced clinically in mild degree in 13 of the cases, and in 3 cases 
it was of moderate degree. Of these 4 showed slight Roentgen changes 
and the one mentioned before showed marked changes. Of the 30 
infants on dried lactic acid milk for periods of from 5 to 9 months, 
dated from the third week of life, only 6 showed mild clinical rickets 
and only 1 of these showed slight bone changes in Roentgenograms. 
The clinical results indicate that dried lactic acid milks can be used 
under the same conditions as cultured lactic acid milk and cow’s milk 
plus U.S. P. lactic acid. 
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Regeneration of Uterine Mucosa After Delivery.—In what was 
probably the last contribution to the literature by the late J. Wu1rripGE 
WiuuraMs (Am. J. Obst. and Gynec., 1931, 22, 664) he has presented a 
most complete and interesting study of the regeneration of the uterine 
mucosa during the puerperium, more particularly in relation to the 
changes occurring at the placental site. These observations are based 
upon the study of a largé series of uteri removed by supravaginal 
amputation following Cesarean section, as well as a certain number 
obtained at autopsy upon women dying from other causes than infec- 
tion during the first 3 days of the puerperium, and upon others removed 
by operation during that period, but especially upon a series of 18 
uteri obtained by supravaginal amputation at various periods through- 
out the puerperium. He states that his study has demonstrated that 
the regeneration of the placental site is in no way connected with an 
inflammatory change, that there is no indication of any extensive 
necrotic process and that all of the specimens show unusual prolifera- 
tion of endometrial tissue, which does not merely cover the surface of 
the placental site, but invades it in all directions, but particularly 
extends between it and the underlying muscularis, so that in a general 
way it undermines the placental site and ultimately leads to its extrusion 
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or exfoliation. The most important evidence is presented by a uterus 
48 days after delivery, in which the placental site is represented by a 
tag of tissue, 1 by 3.5 mm., projecting into the uterine cavity, but still 
attached by its base to the superficial portion of the endometrium. 
The high-power section of this tissue shows that the stroma of the poly- 
poid mass presents the histologic structure which is characteristic of the 
placental site. 
Cancer Grading in Relation to Prognosis.—In the past few years 
much interest has been shown in the relation of the maturity of the 
cells in a cancer to the prognosis from the clinical aspect, many pathol- 
ogists being of the opinion that the relationship is a very definite one. 
As REMANN (Ann. Surg., 1931, 94, 381) states, however, there are two 
types of grading, namely, according (1) to prognosis, and (2) to Roent- 
gen ray sensitivity and there is much confusion about the subject on 
this account. The first type of grading attempts to forecast end- 
results while the second type predicts whether or not a tumor will be 
destroyed by irradiation. He believes that the former cannot be done 
while the latter can be accomplished with a considerable degree of 
accuracy. The reason why he believes that prognostic tumor grading 
cannot be done is because a microscopic section of the tumor will not 
show how completely the surgeon removed the tumor. Moreover, 
the microscopic appearance of most tumors varies in different parts 
sufficiently to influence the grading. He therefore refuses to grade 
tumors, especially biopsy material because he believes that the surgeon 
might be inclined to do a less radical operation than should be done if 
a tumor is considered to be of low malignancy. We must realize that 
tumors, if malignant, even of the slowest growth, will kill the patient 
if given time and if not completely removed. In a general way, the 
less differentiated the cells of a tumor, the more sensitive they are to 
irradiation, but here again if the patient is to receive irradiation, the 
radiologist should give all the treatment that is possible without regard 
to the sensitivity of the constituent tumor cells and of course without 
causing damage to the surrounding healthy tissues. From Reimann’s 
viewpoint therefore, this subject is of academic interest but should 
have no influence on the extent of treatment which should always be 
as much as the patient can tolerate. 


OPHTHALMOLOGY 


UNDER THE CHARGE OF 
WILLIAM L. BENEDICT, M.D., 
HEAD OF THE SECTION OF OPHTHALMOLOGY, MAYO CLINIC, ROCHESTER, MINN., 
AND 
H. P. WAGENER, M.D., 


ASSISTANT PROFESSOR OF OPHTHALMOLOGY, MAYO FOUNDATION, ROCHESTER, MINN. 


Exophthalmos in Infantile Scurvy.—DuNNINGTON (Arch. Ophthal., 
1931, 6, 731) reports a case of unilateral exophthalmos which appeared 
suddenly in a girl aged 7 months. Eleven days before examination, 
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sudden swelling of the left upper lid and bulging of the left eye occurred 
in the course of a slight “head cold.” The swelling practically dis- 
appeared in 3 days but recurred 4 days later. The left upper lid was 
markedly swollen, ecchymotic and tender to touch. The eye was 
proptosed about 2 mm. and was pushed downward and outward. Up- 
ward rotation was limited. The eye itself was normal. The child’s 
legs were tender to touch. The upper gums were spongy and bleeding 
and the lower slightly eechymotic. A few small ecchymotic spots were 
present in the skin of the buttocks. Examination of the nose and roent- 
genograms of the accessory sinuses did not reveal any pathology. 
Roentgenograms of the long bones revealed changes characteristic of 
scurvy. Three ounces of orange juice was added to the daily diet and 
the swelling of the upper lid and the proptosis disappeared in 4 days. 
Exophthalmos appears as a complication of scurvy usually only in 
infants. The average age of the patients in the 22 authentic reported 
cases is 105 months, the youngest being 7 months and the eldest 2 
years. Kruckow reported | case of recurrent orbital hemorrhage in an 
adult with scurvy. Operative and necropsy findings have established 
that the cause of the proptosis is extravasation of blood between the 
orbital plate of the frontal bone and the subjacent periosteum. The 
tendency to hemorrhage in scurvy is explained by the increase in per- 
meability of the bloodvessel walls as a result of a defect in the cement 
substance of the endothelial cells produced by lack of vitamin C in the 
diet. Hart and Lessing, Harden and Zilva, and Zilva and Still have 
noted hemorrhages into the orbit in experimental scurvy in monkeys. 
These hemorrhages absorbed spontaneously but recurred unless anti- 
scorbutic treatment was instituted. The hemorrhages in infants tend 
to absorb rapidly, the time, in the cases reported since 1912, varying 
from 4 days to 1 month. The hemorrhages do not calcify. The exoph- 
thalmos may be slight or sufficient to endanger the cornea unless 
operative interference is instituted. The fact that, in scurvy, subperi- 
ostal hemorrhage is prone to occur at the site of rapid physiologic 
growth explains the tendency to hemorrhagic extravasation at the 
upper inner angle of the orbit. However, Dunnington believes that 
orbital hemorrhage is less frequent than is suggested in textbooks on 
pediatrics in which exophthalmos is stated to occur in 10 per cent of 
the cases of infantile scurvy. Hemorrhages may also occur in the lids, 
conjunctiva, anterior chamber and retina. 
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ROCHESTER, MINN. 


The Postpneumonic Lung.—Chronic lung changes following pneu- 
monia depend on the degree to which the various tissues of the lung are 
involved by the acute process and the severity of the injury which they 
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sustain. Among the most important of the pneumonias likely to result 
in chronic changes, says Hart (Am. J. Roentgenol. and Rad. Therap., 
1931, 26, 371), are influenzal pneumonia, influenzal pneumonia invaded 
by streptococci, the bronchopneumonias accompanying measles and 
pertussis, and Friedlinder’s pneumonia. The pneumonic process may 
take any of three possible courses: (a) The exudate may be absorbed 
and recovery ensue; (b) the exudate may become organized and fibrotic 
changes and chronic nontuberculous infection develop, or (¢) suppura- 
tion may occur. If either of the two latter possibilities eventuate, 
chronic terminal conditions may be expected. These may take the form 
of bronchiectasis, chronic nontuberculous infections, abscess formation, 
or fibrosis, either localized or diffuse. Systematic follow-up and peri- 
odical roentgenologic examinations of patients in whom resolution does 
not take place promptly would throw much light on chronic post- 
pneumonic lesions. 

The Use of Opaque Oils in the Diagnosis of Maxillary Sinus Disease. 
The injection of opaque oil into the maxillary antrum enables a roent- 
genologic demonstration of pathologic conditions and, according to 
BEELER, SMITH and Couns (Am. J. Roentgenol. and Rad. Therap., 
1931, 26, 302) determines better than any other means the proper type 
of treatment. The oil can be injected without harmful effects, although 
there is usually a reaction of the mucous membrane which lasts until 
the oil is extended. The authors use lipiodol diluted one-third in olive 
oil; their results with brominol and campiodol have also been good. The 
normal antrum, when injected, will show a thin line of separation about 
1 mm. wide between the oil and the sinus wall. At the base the prom- 
inences over the tooth roots may be apparent as smooth curves. Polypi 
produce a smooth localized defect in the shadow. Cysts and mucoceles 
produce a similar defect but somewhat larger and more circumscribed. 
Hyperplastic changes cause an irregular outline. 


NEUROLOGY AND PSYCHIATRY 
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GEORGE JOHNSON, M.D., 


INSTRUCTOR IN PSYCHIATRY IN THE UNIVERSITY OF COLORADO, 
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Convulsive Seizures, Their Production and Control, With Special 
Reference to the Probable Mechanism of the Seizure Itself.—I ay 
(Am. J. of Psychiat., 1931, 10, 551) believes that a direct relationship 
between fluid intake, its storage and elimination, and major convulsive 
attacks has been clinically and experimentally established. A rational 
means of definite fluid balance has also been determined. The results 
have justified the conclusion that the major forms of the convulsive 
state are superadded phenomena associated with hydration and disturbed 
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water metabolism. Convulsive seizures may be regarded as represent- 
ing a normal mass reaction of the motor areas after inhibitory centers 
have been depressed or released by specifically applied pressure, 
anoxemia or exhaustion. In the series of cases studied the grand mal 
attacks have gradually receded into Jacksonian or petit mal manifes- 
tations as dehydration was accomplished. The petit mal seizures have 
increased in severity and the zone of response widened as fluids and 
intracranial pressure has been increased. The assumption is justified 
that the stimulus capable of producing a petit mal or Jacksonian attack 
at one time finds a wide field of application and permits a generalized 
cortical release when inhibitory factors have been removed by pressure 
secondary to hydrated states. 


Biochemical Changes During Emotion.-_Jankowska (L’Encephale, 
1931, 26, 204) examined hyperemotional patients to see what biochemi- 
cal changes were associated with variations in emotional state. It was 
found impossible to examine the blood chemistry owing to the constant 
emotional disturbance caused by the prick of the needle. The urine 
was therefore examined for hourly quantity, reaction (pH), chlorid, 
nitrogen, ammonia nitrogen and sometimes for calcium. As a general 
rule it was found that during emotion there was a tendency to alkalinity, 
expressed as a rise in pH from the normal (5 to 6) to between 6 and 7, or 
even slightly above this. This was associated with an increase in total 
nitrogen and in quantity, and sometimes also in calcium and ammonia. 
In a case of permanent anxiety high figures were obtained in each of 
these examinations throughout the patient’s stay in hospital. In 2 
sases of schizophrenia variations in the urine similar ta those found 
during emotion were observed, without the display of any emotion by 
the patient. Two possible explanations of this were offered: (1) That 
schizophrenics experienced emotions which they did not betray, or (2) 
that the changes in the urine were due to functional disturbances in 
the brain which in normal subjects led to the somatic expression of 
emotions. 


PATHOLOGY AND BACTERIOLOGY 
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AND 
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On the Microscopic Histology of Experimental Tuberculosis in Differ- 
ent Species.—FrELDMAN (Arch. Path., 1931, 11, 896) with the use of 
pure cultures of the tubercle bacillus of human, bovine and avian 
origin, using the subcutaneous intraperitoneal, intravenous and intra- 
cerebral routes of inoculation, induced experimental tuberculosis in 
guinea pigs, rabbits, chickens and dogs. From the lesions obtained, 
the author made a comparative study to determine whether the 
anatomic character of the cellular reaction in the respective species 
varied with the type of the tubercle bacillus used to incite the lesions, 
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or whether the histologic character of the lesions in a given species 
was constant, regardless of the form of the tubercle bacillus present, 
and concluded that the histologic nature of tuberculous infection in a 
given species is essentially the same, regardless of the form or the origin 
of the particular strain of the tubercle bacillus responsible for the 
lesions. Variations in the character of the reaction of the tissues to the 
tubercle bacillus are not determined by the type of the organism per se, 
but by certain factors which are inherent in the species possessing the 
infection. The guinea pig and dog developed disseminated tubercu- 
losis after intracerebral inoculation with the avian strain. In the com- 
mon fowl infection was obtained locally in the brain with human and 
bovine types and all tuberculous lesions possess certain anatomic 
characters (focal circumscribed collections of monocytic or epithelioid 
cells, or a rather large, clear type, which are multiple and often become 
confluent, and even though a conglomerate tubercle results, the sepa- 
rate follicle-like masses of epithelioid cells is usually maintained and is 
discernible) which distinguish them from tuberculous lesions with the 
same bacteria in lower mammals. The histologic nature of tuberculous 
infection in a given species is essentially the same, regardless of the form 
or the origin of the particular strain of the tubercle bacillus responsible 
for the lesions. The author concluded that it would be injudicious to 
designate a given tuberculous infection as being due to any of the three 
types of the tubercle bacillus, without comparative pathogenicity 
tests, the histology being of no particular value for determining the 
types. 

Total Occlusion of the Right Branch of the Pulmonary Artery by an 
Organizing Thrombus.—A case showing total occlusion of the right 
branch of the pulmonary artery by a large thrombotic mass, which had 
undergone advanced organization was reported by MEANs and MALLORY 
(Ann. Int. Med., 1931, 5, 417). The degree of organization suggested 
that the thrombus had been present for weeks or months. The patient, 
who was diagnosed clinically as a case of hypertensive and arterio- 
sclerotic heart disease, had shown symptoms of cardiac insufficiency 
for a year prior to his death with marked cyanosis during the last few 
days of life, but presented no history in any way suggestive of pulmonary 
embolism or thrombosis. No abnormal physical signs were found in 
the right lung before death. At autopsy this lung showed no evidence 
of necrosis, scarring or collapse, and while it was slightly smaller and 
less crepitant than the opposite lung, was air containing throughout. 
A greatly hypertrophied bronchial artery and two large arteries which 
were traced upward along the sides of the trachea into the neck and 
which had probably arisen from the inferior thyroid arteries, had 
established a collateral circulation. Microscopically the alveoli were 
empty or contained a mucoid secretion, the capillaries being difficult 
to make out. The epithelium of the alveolar walls showed evidence of 
metaplasia to a high cuboidal or iow columnar type. The authors 
believe that a medium sized embolus may have produced a partial 
occlusion of the pulmonary artery, gradually growing, however, until 
total occlusion had occurred, time being allowed for a rich anastomotic 
channel to be formed. The case is of interest in illustrating that such a 
gross disturbance, if occurring slowly need produce no damage to lung 
or give rise to any abnormal findings on physical examination. 
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Flocculation Experiments With Variola and Vaccinia Virus.—-HavENs 
and Mayrietp (Am. J. Pub. Health, 1931, 21, 329) states that experi- 
mental evidence indicates that the intradermal or intravenous inocula- 
tion of vaccinia virus in rabbits is followed by the appearance of specific 
flocculating properties in their serum. Vaccination of the human sub- 
ject stimulates the production of precipitins against vaccinia virus. 

The serum of 4 persons acquired this power to flocculate the virus as | 
sarly as the 10th day following vaccination. 

Experimental Transmission of Endemic Typhus Fever of the United 
States by the Rat Flea (Xenopsylla Cheopis).— Dyer, CepER, RUMREICH 
and BapGer (Pub. Health Rep., 1931, 46, 2415) have previously called 
attention to the importance of the rat flea in relation to endemic typhus 
in the United States. The present experiment shows that the rat flea 
(Xenopsylla cheopis) will remain infectious for at least 9 days, and 
that the virus may be identified in the feces of fleas. 


The Findings of the Committee on Growth and Development of the 
White House Conference on Child Health and Protection.—Sruarr 
(N. EF. J. Med., 1931, 205, 1004) states that it may be concluded from 
the studies of the committee that the growth and development of indi- 
vidual children is modified by many factors that are under our control. 
Efforts to prevent those factors which interfere with normal growth 
should be encouraged, and to be most effective should apply to all 
periods of the growth cycle from conception to full maturity. <A 
redirection of emphasis is essential in the light of our newer knowledge; 
but the present approaches through health examinations, dietary and 
environmental supervision, prevention of disease, and education are 
worthy of further development. 

Specific Cutaneous Reactions and Circulating Antibodies in the 
Course of Lobar Pneumonia. I. Cases Receiving No Serum Therapy. 
—Frnvanp and Sututrr (J. Exper. Med., 1931, 54, 637) studied a group 
of 41 nonserum treatment patients with Type I, II or III pneumococcus 
pneumonia during their disease and convalescence with respect to their 
skin reactions to specific pneumococcus polysaccharides and, in most 
instances, for the presence of circulating agglutinins and protective 
antibodies for all these 3 types. One-half of the Type I and two-thirds 
of the Type II and Type III recovered cases gave the typical immediate 
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“wheal and erythema” response to the homologous polysaccharide 
at or about the time of recovery. All cases tested showed protective 
antibodies and almost all showed agglutinins for the homologous 
pneumococcus. In the fatal cases, in general, positive cutaneous 
reactions and circulating antibodies were not obtained. In cases of 
pneumonia receiving repeated cutaneous inoculations with various 
types of specific polysaccharide, antibodies for pneumococci differing 
from the infecting type but corresponding to the types of carbohydrate 
injected were present 1 week or later after such injections. These 
heterologous antibodies were most frequently demonstrated for Type II 
and were probably the result of immunization by means of the cutaneous 
injections. Positive skin responses to homologous polysaccharides and 
corresponding circulating antibodies were demonstrated with similar 
frequency in the first 3 weeks after crisis in patients who had not prev- 
iously received intracutaneous injections. In such patients heterologous 
antibodies were rarely found. Typical skin reactions with the specific 
pneumococcus polysaccharides and mouse protective antibodies were 
demonstrated independently in a number of hospital patients who had 
had no recent history of pneumonia. Some patients with demonstrable 
foci of persistent infection or with latent infections which later proved 
fatal showed positive cutaneous responses to the homologous type 
polysaccharide and circulating specific antibodies for the corresponding 
type. The agglutinin test, though less sensitive than the mouse 
protection test for determining the presence of antibody, has many 
advantages over the latter and is simplest to use in following the course 
of the untreated pneumonia. 

II. Cases Treated With Antipneumococcic Sera.—In a second paper 
(Ibid., p. 653) the authors give the results of studies on 31 cases similar 
to the above except that the present cases were treated with specific 
antipneumococcus sera. Characteristic cutaneous response to the type- 
specific protein-free carbohydrates of both Type I and Type II pneumo- 
occi have been “produced” in cases of lobar pneumonia due to either 
of these types by the intravenous injection of concentrated bivalent 
(Types I and II) antipneumococcic sera (Felton). A positive cutaneous 
response to the specific polysaccharide of Type II pneumococci has 
been passively transferred from human cases convalescing from this 
infection to a patient suffering from pneumonia due to this organism. 
The cutaneous responses to the type-specific polysaccharides and circu- 
lating antibodies were studied in 51 cases of lobar pneumonia. Positive 
cutaneous reactions were, in most instances, associated with recovery, 
even when purulent complications were present. Failure to elicit a 
positive reaction was usually followed by a fatal outcome. The positive 
reactions in patients who were treated with concentrated sera and 
recovered were most often elicited within 24 hours after the first dose 
and after a total of 40 cc. had been given. The positive skin reactions 
obtained after the administration of specific antisera were associated 
with the presence of mouse-proecttive antibodies and agglutinins in 
the sera of the patients. The immune reactions in serum treated cases 
receiving repeated inoculations with the specific carbohydrates dis- 
appeared more rapidly than in similar cases receiving no antiserum. 
It is suggested that the administration of antisera in some way inter- 
feres with the production of antibodies by the intracutaneously injected 
carbohydrates. 
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The Role of Intensity and Duration in the Stimulation of Single End 
Organs in the Eye.—H. Kerrer Hart Line (from the Eldridge John- 
son Foundation for Medical Physics, University of Pennsylvania). In 
the stimulation of the eye by light it is necessary to consider both 
the total quantity of energy in the stimulating light and the intensity 
of this energy. These two factors were studied in preparations of the 
eye and optic nerve of the horseshoe crab, Limulus, in which the dis- 
charge of impulses in a single fiber of the optic nerve was recorded 
oscillographically. Such a single fiber preparation shows that there is 
a threshold of intensity below which no impulses are discharged no 
matter how large the total amount of energy may be which enters the 
eye over a long period of time. Above this threshold the effect of 
intensity is to increase the frequency of the discharge and to decrease 
the initial latent period. For long exposures (over 1 second) a steady 
state is reached in which a constant inflow of energy results in a steady 
output of nerve impulses at a frequency determined only by the intensity. 

For short exposures (less than 0.1 second) it is the total energy of 
the flash of light which chiefly determines the resulting discharge. The 
frequency of discharge, the total number of impulses and the velocity 
of the latent period are all increased by increasing the energy of the 
flash, whether this be done by increasing duration or intensity. The 
reciprocity law (Bunsen Roscoe) holds in the first approximation. 

The relation between logarithm of the energy of flash and maximum 
frequency of discharge is linear, up to a limiting duration which is 
slightly less than the latent period. Above this limiting duration the 
frequency is determined by intensity only. Velocity of latent period 
and total number of impulses discharged parallel this behavior closely. 

Absorption of Glucose From the Colon.—Watrer W. EBeELING (from 
the Laboratory of Surgical Research, University of Pennsylvania). 
Considerable difference of opinion exists among investigators as to 
whether glucose in appreciable amounts can be absorbed from the 
large bowel. A study of glucose absorption from the intestinal tract 
of the normal, the pancreatectomized and the insulinized dog was out- 
lined in which were controlled factors which had previously not been 
taken into consideration. 

Glucose solutions are absorbed at a very slow rate when placed in 
the entire colon of the dog. Hypertonic solutions (10 per cent) are 
absorbed very little faster than are isotonic solutions. When a marked 
glucose deficit occurs in the blood glucose can be absorbed from the 
colon approximately as rapidly as it can from a low ileal loop of the 
noninsulinized dog. The presence of glucose in the solution in the 
colon causes a retardatiori in the rate of water absorption. The total 
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amount of glucose which can be administered and absorbed from the 
colon under the very best conditions would appear to be too small for 
any considerable therapeutic effect. 

Studies on Bone Growth as Seen in the Transparent Chamber Intro- 
duced Into Rabbit’s Ear.—Henry T. Kirpy-Smitu (from the Labora- 
tory of Anatomy, University of Pennsylvania). In order to study 
the growth and absorption of bone the rabbit’s ear method of tissue 
study was utilized. Six-day endosteal callus obtained from the radius 
was placed in the chamber at the time of its insertion into the ear. 

Thirty-nine days after transplantation two small oval masses of 
homogeneous refractile material with lacunze and canalicule—all char- 
acteristic of bone—had appeared on the table of the chamber. The 
chamber space was about 45 yu thick and daily microscopic observations 
were made at high magnifications. The bone mass watched most 
intensively was 0.36 mm. long, 0.26 mm. wide and about 0.04 mm. thick. 
After a slight extension on one side it entered a quiescent phase until 
the forty-eighth day, when absorption of the bone was first noted. 
The absorption continued and an excavated area appeared near one 
end leaving a thin shell of bone at the edge of the bone mass. On the 
seventy-fifth day the edge of this thinned-out portion broke away 
leaving a semilunar space between the bone fragment and fibrous tissue 
on one hand and the parent bone on the other. During the second 
day after the fracture nongranular oval cells and fibers could be seen 
in the semilunar space. In the region between the fragment and the 
parent bone the fibers were irregularly arranged. Up to the fifth day 
following the fracture the essential changes were an increase in the 
fibers and their grouping into larger bundles in the interstices of which 
were clear spherical cell-like bodies. On the sixth day following the 
fracture these irregular fibers were found to be infiltrated with highly 
refractile granules which were coarser near the parent bone and finer 
at the periphery. On the seventh day the granules had begun to fuse 
and on the ninth day they formed a homogeneous refractile material 
which surrounded nearly all the cells in the fibrous matrix. The tempo 
of this growth corresponds very closely with the series of events which 
follows injury to the rabbit’s ulna or radius. 

The thin bone spicule which had broken away from the parent bone 
remained unchanged for 5 days. On the sixth day an excavated area 
appeared on its lower end, in which was seen a finely granular proto- 
plasmic mass containing clearer round areas with dark centers. Obser- 
vations over a period of 7 hours showed marked diminution in the size 
of the spicule, absorption occurring only in the region of the proto- 
plasmic mass. The process of absorption consisted of first a disappear- 
ance of the highly refractile material leaving a fibrous substance which 
in turn disappeared. No refractile material or fibers were seen in the 
protoplasmic mass. Eight days after the fracture the isolated spicule 
had completely disappeared. 

There was no change in the bloodvessel pattern and no marked 
change in the circulation during the process of growth or absorption. 


A New Type of Transparent Chamber for Studying the Effect of 
Chemicals Upon Living Tissues.—R.G. ABELL and E. R. Ciark (from 
the Laboratory of Anatomy, University of Pennsylvania). In the 


| 


878 PROGRESS OF MEDICAL SCIENCE 


extension of the types of chambers for insertion in the rabbit’s ear a 
chamber was desired by means of which it would be possible to study 
with the high powers of the microscope a very thin layer of living 
tissues while these tissues were being subjected to the action of chemical 
solutions of known and desired composition. Such a chamber has now 
been developed and is known as the “moat” chamber. The moat 
chamber, which is a modified “bay” chamber, is composed principally 
of glass and mica, and contains a very thin, transparent, inclosed space 
called the bay. Living tissues grow into the bay through two small 
entrance holes at one end, and then across it toward the opposite end, 
which opens into a much larger inclosed space, called the moat. Chemi- 
cal solutions can be injected into the moat by means of two silver 
access cannule, and subsequently sealed within it. Such solutions 
diffuse into the bay, and there come in contact with the living tissues. 
Owing to the fact that the bay has a glass bottom and a mica top, and 
a depth of approximately only 50 micra, the cellular details of the 
tissues can be clearly seen with the oil-immersion lens, and the eect 
upon them of experimentally introduced chemical solutions studied 
with the microscope. 

Ten to 15 days after the insertion of the moat chamber connective 
tissue, bloodvessels and in some cases lymphatic vessels grow into the 
bay. Chemical studies can be begun at this time, previous to it or 
at a later date. Such studies can be made for a period of several days 
or weeks, or, if desired, for several months. 

Preliminary experiments have shown that the growth of the tissues 
in the bay is not disturbed by the injection of sterile Ringer solution 
into the moat, and that a dye, such as methylene blue, when placed 
in the moat passes to the region of living cells and tissues. 

The moat chamber affords an opportunity to study the effect of the 
tissues growing in the bay upon the chemical solutions placed in the 
moat, as well as the effect of such chemical solutions upon the tissues. 
Such solutions can be withdrawn from the moat at any time and their 
gain, loss or change analyzed. 

By means of the moat chamber access may be had to the inter- 
cellular space without mechanical disturbance to the tissues themselves. 
Effects produced by chemicals experimentally iriveduced into this 
space can be studied microscopically. 


The Use of the Chick Embryo as a Pharmacologic Test Object.— 
Epiru M. Hatt (introduced by F. S. Hammett) (from The Lankenau 
Hospital Research Institute, Philadelphia). A determination of the 
response of cardiac muscle to physiologic and pharmacologic agent is 
obviously a desideratum in any study of bodily processes. Moreover, 
when chemical means of assay of products of biologic or therapeutic 
significance are unavailing then standardization must be had by the 
use of responsive biologic test objects. The present report is an 
investigation into the reaction of the heart of the chick embryo to 
digitalis and its suitability for the assay of this drug. 

Embryos of 72 to 76 hours’ incubation, having 26 to 32 somites, and 
a posterior vitelline vein, 9 to 12 mm. in width, were used im situ in 
the opened egg kept at 40° C. 
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Preliminary tests with a digitalis leaf infusion brought out that 
10 minims is the most favorable volume for injection under the chorion 
and that with appropriate dilutions the medium period of from 45 to 
75 minutes for complete cardiac inhibition is the best for drug activity. 

Using these standards, it was possible to assay the action of various 
digitalis tinctures kindly supplied by the MeNeil Company. The 
values obtained satisfactorily approximated those of the official frog 
heart method with the same preparations. The dilutions used for the 
chick embryo heart in terms of that effective in the frog are as follows: 

1. Approximately 10 minims of a 1 per cent infusion of normal 
U.S. P. digitalis leaf shall stop embryo chick heart in medium period 
of 45 to 75 minutes. 

2. 0.06 cc. of 1 per cent infusion of normal U.S. P. digitalis leaf for 
each gram of frog weight shall stop the heart in systole for 1 hour. 

Repeated tests with the same dilution of the same tincture give the 
same result within 0.5 per cent. Dilutions of the same tincture give 
comparable results. 

The results obtained with this method are expressions of the action 
of the drug on cardiac musculature alone, since neural control is not 
yet in force in embryos of this stage of development. It is possible 
that the procedure offers opportunity for differentiating those alkaloids 
of the digitalis group specifically effective in cardiac muscle and those 
which also exert a reaction on the neuromuscular mechanism as a whole. 
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